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DESCRIPTION 



LAMINATE 



5 TECHNICAL FIELD 

The present Invention relates to a laminate having 
excellent adhesion and heat resistance. More specifically. 
It relates to a laminate comprising a base layer made of a 
wholly aromatic polylmlde or a wholly aromatic polyamlde and 
10 an adhesive layer formed on the base layer. The present 
Invention relates to a process for manufacturing a laminate 
such as a semiconductor substrate comprising the above 
laminate as an adhesive sheet. 

15 BACKGROUND ART 

Along with a recent trend toward advanced functions, 
high performance and small size in electronic devices, 
electronic parts used in these electronic devices are desired 
to be smaller in size and lighter in weight. Therefore, 

20 semiconductor device packages, wiring materials and wiring 
parts having higher density, more advanced functions and 
higher performance are now In demand as well. Materials 
having excellent heat resistance, electric reliability and 
adhesion which can be used as high-density package materials 

25 for semiconductor packages, COL packages, LOC packages and 
MCM (Multi-Chip Module) and as printed wiring board materials 
for multi-layer FPC's are desired. 

Particularly for the multi-layer FPC's which are now 
widely used In small- sized electronic devices such as 

30 portable telephones, attention is being paid to thin film 
materials having adhesion such as polylmlde -based and 
aromatic polyamlde -based materials from the market as 
substitutes for conventional epoxy- impregnated prepregs 
(refer to ''Recent Trend II of Rapidly Advancing Polyimides" 



(published by Sxamibe Techno Research Co., Ltd.) and "The 
Basis and Application of the Latest Polyimides" (published 
by NTS Co. , Ltd. ) ) . The thin film materials include a blend 
of a soluble thermoplastic polyimide and an epoxy resin and 
5 a siloxane -modified polyimide (JP-A 2000-109645 and JP-A 
2003-292778). 

Since thinner films are now desired to meet a strong 
demand for small-sized electronic parts, high stiffness is 
required due to a reduction in thickness • Further, lead-free 

10 solder is used for electronic package application in 

consideration of environment, and the reflow temperature is 
becoming higher, whereby demeind for films having heat 
resistance and dimensional stability is growing. 

Adhesive materials used in the semiconductor device 

15 manufacturing process are desired to be improved as 

semiconductor devices are becoming smaller in size and 
thickness . 

The process for manufacturing semiconductor devices 
such as silicon and gallium arsenide semiconductor devices 

20 includes a pre- step for forming devices on a large -diameter 
semiconductor wafer and a post-step for dividing the wafer 
into chips to obtain final products. 

In the pre-step, to reduce the size and thickness of 
each semiconductor chip, devices are formed on the 

25 large -diameter semiconductor wafer, and back -grinding is 
carried out to grind the rear surface of the semiconductor 
wafer to reduce the thickness of each chip. To grind the 
rear surface of the semiconductor wafer, the front surface 
of the semiconductor wafer must be bonded and fixed to a 

30 support . 

As means of bonding the front surface of the 
semiconductor wafer to the support, there is proposed a 
method in which wax is coated on a dummy wafer ( support ) under 
heating to join the front surface of the semiconductor wafer 
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to the support. However, after the thickness of the 
semiconductor wafer is reduced, the semiconductor wafer must 
be subjected to some treatment such as metal deposition or 
baking while it is bonded and fixed to the support. The 
5 method using wax has a problem with the heat resistance of 
wax. That is, the metal deposition and baking of the 
semiconductor wafer cannot be carried out while it is bonded 
to the support by wax. 

Then, an adhesive sheet having a heat resistance of 
10 400* C or higher is desired. 

In the post -step, the semiconductor wafer is cut and 
divided into chips (dicing), followed by the step of die 
bonding the chips to lead frames. During this, the 
semiconductor wafer is diced, rinsed and dried while it is 
15 bonded to the adhesive sheet, followed by the step of 

expanding the adhesive sheet and the step of picking up the 
chips from the adhesive sheet . 

From the dicing step to the drying step, the adhesive 
sheet must retain sufficiently high adhesive force for the 
20 chips. At the time of picking up the chips, the adhesive 
sheet must have high releasability to such an extent that 
the adhesive component does not adhere to the chips. 

To meet these requirements, various adhesive sheets 
are proposed. For example, a heat sticky adhesive tape 
25 comprising a base layer and a heat sticky adhesive layer made 
of a composition comprising a (meth)acrylate copolymer, 
epoxy resin, photopolymerization low-molecular weight 
compound, thermally active latent epoxy resin curing agent 
and photopolymerization initiator is proposed (JP-A 
30 2-32181). 

A dicing film comprising a support film having a surface 
substantially free from a release layer and a conductive 
adhesive is proposed (JP-B 3-34853). 

As means of separating a semiconductor substrate from 
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a supporting substrate, there is proposed a method using 
water (for example, JP-A 2001-77304^ JP-A 2002-237515, JP-A 
2002-203821 and JP-A 2002-192394) . A method for separating 
a semiconductor substrate making use of volume expansion with 
5 water after expandable particles are adhered to the mating 
surface Is proposed (for example, JP-A 2002-270553). 
However, these methods are not practical because separation 
takes a long time, thereby reducing productivity. When a 
heat treatment at 350* C or higher Is required, the mating 

10 surface Is reinforced and cannot be separated. 

As means of sep€u:atlon when a heat treatment at 350** C 
or higher Is carried out, there are proposed a method making 
use of liquid expansion by adding liquid- expandable 
Inorganic particles such as synthetic smectite fine 

15 particles to an adhesive layer and a method for separation 
by expanding or dissolving an organic protective layer in 
a solvent (for example, JP-A 2002-270553 and JP-A 

2002- 343751) . However, as it is possible that the expandable 
inorganic substance and the soluble/expandable organic 

20 protective layer may be contaminated by a metal component 
or a thermally decomposed product of a semiconductor product , 
an effective method capable of separating the semiconductor 
substrate In a short period of time by using an adhesive 
material having higher heat resistance has been desired. 

25 As a battery container, there is proposed a film which 

has heat resistance, corrosion resistance and Insulating 
properties and can be firmly bonded to a metal (JP-A 

2003- 340960 and JP-A 2002-56823). However, the further 
Improvement of heat resistance is desired. 

30 A thin film material which has stable adhesion to 

various materials Including metals as well as excellent heat 
resistance, chemical stability and stiffness is desired from 
various fields such as aviation, auto parts and foods from 
the viewpoints of heat resistance, reductions in size and 
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weight, and chemical stability. 

DISCLOSURE OF THE INVENTION 

It Is a first object of the present Invention to provide 
5 a laminate (I) having excellent heat resistance, stiffness 
and adhesion to another material. 

It is a second object of the present Invention to 
provide a laminate (II) which Includes an adherend layer (C) 
firmly bonded to the surface of the adhesive layer (B) of 
10 the laminate (I) and has excellent heat resistance and 
stiffness . 

It Is a third object of the present invention to provide 
a laminate (III) which includes an organic protective layer 
(D) and layer (E) to be treated on the surface of the base 
15 layer (A) of the laminate (II). 

It is a fourth object of the present invention to 
provide a process for manufacturing a laminate (V) comprising 
the organic protective layer (D) and layer (E' ) to be treated 
by treating the layer (E) to be treated of the laminate (III) . 

20 

Means for Solving the Problems 

The present Invention is a laminate (I) comprising a 
base layer (A) and an adhesive layer B formed on one side 
or both sides of the layer A, wherein 

25 the layer A is a film made of (A-1) a wholly aromatic 

polyimlde (PI^'^) having a glass transition point of 350** C 
or higher, or (A- 2) a wholly aromatic polyamide (PA^'^) having 
a glass transition point of 350* C or higher; and 

the layer B comprises (B-1) a wholly aromatic polyimlde 

30 (PI®*^) having a glass transition point of 180* C or higher 
and lower than 350* (B-2) a wholly aromatic polyamide 
(PA°"^) having a glass transition point of 180* C or higher 
and lower than 350* C, or (B-3) a resin composition (RC^"^) 
comprising a wholly aromatic polyimlde (PI®"^) and a wholly 
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aromatic polyamide (PA®"^) having a glass transition point 
of 180** C or higher and lower than 350** C. 

The present invention is a laminate (II) comprising 
the layer A, the layer B formed on one side of the layer A 
5 and an adherend layer (C) formed on the layer B. 

The present invention is a laminate (III) comprising 
the base layer (A) , the adhesive layer (B) , the adherend layer 
(C), an organic protective layer (D) and layer (E) to be 
treated, wherein the layer B and the layer C are formed on 
10 one side of the layer A in the mentioned order, and the layer 
D and the layer E are formed on the other side of the layer 
A in the mentioned order. 

Further, the present invention is a process for 
manufacturing a laminate (V) comprising the layer D and the 
15 layer E (E ' ) to be treated from the laminate ( III) , comprising 
the steps of : 

(1) treating the exterior surface of the layer E of 
the laminate (III) to obtain a laminate (III') comprising 
a layer E ' ; 

20 (2) maintaining the laminate (III' ) at 350** C or higher ; 

(3) separating the layer C from the laminate (III') 
to obtain a laminate (IV) comprising the layer B, the layer 
A, the layer D and the layer E'; and 

(4) disassembling the laminate (IV) at the interface 
25 between the layer A and the layer D to obtain the laminate 

(V) comprising the layer (D) and the layer (E'). 

In this text, the base layer (A) may be referred to 
as "layer A" , the adhesive layer (B) to "layer B" , the adherend 
layer (C) to "layer C", the organic protective layer (D) to 
30 "layer D", the layer (E) to be treated to "layer E" and the 
layer E (E') to be treated to "layer E'". 

Effect of the Invention 

The laminate (I) of the present invention has excellent 



7 

heat resistance, stiffness, dimensional stability and 
adhesion to another material. Therefore, it can be 
advantageously used as an adhesive sheet in various fields 
such as electronic materials including package materials, 
5 members for use in the semiconductor manufacturing process, 
battery containers, aviation parts, auto parts and foods. 
Particularly in the field of electronic materials, it can 
be advantageously used as an insulating material having 
excellent dimensional stability. The Icuninate (I) can be 

10 made thinner than conventionally used insulating materials 
and has high handling ease as it has excellent stiffness. 

The laminate (II) of the present invention is excellent 
in heat resistance, dimensional stability and adhesion to 
the adherend layer (C) . Therefore, even when a material 

15 having low thermal expansion coefficient such as silicon or 
42 alloy is used as the adherend layer (C), the peeling of 
the adherend layer (C) does not occur. 

The laminate (III) of the present invention is 
excellent in heat resistance, dimensional stability and 

20 adhesion and can be used as an intermediate material in the 
semiconductor manufacturing process. 

According to the process for manufacturing the 
laminate (V) of the present invention, since the laminate 
(I) comprising a specific adhesive layer (B) is used as an 

25 adhesive sheet, the adherend layer (C) can be easily 

separated from the adhesive layer (B) by a heat treatment. 
Also the organic protective layer (D) can be easily separated 
from the base layer (A) . Therefore, according to the process 
of the present invention, a thinned semiconductor part which 

30 is subjected to a heat treatment at a high temperature of 
350' C or higher can be efficiently manufactured without being 
contcuninated by a thermally decomposed product. 

BEST MODE FOR CARRYING OUT THE INVENTION 
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The present invention will be described in detail 
her einunder . 
< laminate (I)> 

The laminate (I) of the present invention comprises 
5 a base layer (A) and an adhesive layer (B) which is formed 
on one side or both sides of the base layer (A) . 

The layer A is a film made of (A-1) a wholly aromatic 
polyimide (PI^'^) having a glass transition temperature of 
350' C or higher or (A-2) a wholly euromatic polyamide (PA^"^) 
10 having a glass transition temperature of 350*^0 or higher. 

The layer B comprises (B-1 ) a wholly aromatic polyimide 
jpjB-ij having a glass transition point of 180* C or higher 
and lower than 350' (B-2) a wholly aromatic polyamide 
(PB®*^) having a glass transition point of 180*' C or higher 
15 and lower than 350* C, or (B-3) a resin composition (RC®"^) 
comprising a wholly aromatic polyimide (PI®"'') and a wholly 
aromatic polyamide (PA®"^) having a glass transition point 
of 180*'C or higher and lower than 350" C. 

Preferably, the laminate (I) of the present invention 
20 has two crossing directions with a Young's modulus of more 
than 3 GPa in the plane . The laminate ( I ) may become 
unsatisfactory in terms of stiffness at a Young's modulus 
of 3GPa or less and may deteriorate in treatment step 
durability in various applications. This tendency becomes 
25 more marked as the laminate becomes thinner. Young's moduli 
in two crossing directions in the plane are preferably 5 GPa 
or more, more preferably 7 GPa or more. 

The shape of the laminate (I) may be tape-like, 
label-like or any other shapes. The laminate (I) can have 
30 any one of the following structures: 

(1) a structure that the layer A comprises PI*'^ and the 
layer B comprises PI®"^, 

(2) a structure that the layer A comprises PI^"^ and the 
layer B comprises PA°"^, 
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(3) a structure that the layer A comprises PI^"^ and the 
layer B comprises a resin composition (RC^"^) 
comprising PI^"^ and PA®*^, 

(4) a structure that the layer A comprises PA*'^ and the 
5 layer B comprises PI®"^, 

(5) a structure that the layer A comprises PA^"^ and the 
layer B comprises PA®"^, and 

(6) a structure that the layer A comprises PA*"^ and the 
layer B comprises a resin composition (RC®"^) 

10 comprising PI®"^ and PA®"^. 



< Layer A> 

The layer A is a film made of (A-l) a wholly aromatic 
polyimide (PI^'^) having a glass transition point of 350* C 

15 or higher or (A-2) a wholly aromatic polyamide (PA^"^) having 
a glass transition point of 350** C or higher. 

When the glass transition point is lower than 350* C, 
heat resistance and dimensional stability become 
unsatisfactory. A trouble occurs in a heat treatment in the 

20 semiconductor manufacturing process or the solder reflow 
step for package application. The glass transition point 
is preferably 355* C or higher, more preferably 355 to 600* C. 
The glass transition point is computed from a dynamic loss 
tangent tan 5 calculated from a dynamic storage elastic 

25 modulus E' and a dynamic loss elastic modulus E'' obtained 
by the measurement of dyncunic viscoelasticity . 

The layer A is preferably a film having two crossing 
directions with a Young's modulus of more than 10 GPa in the 
plane. When the Young's modulus is 10 GPa or less, 

30 satisfactory stiffness may not be obtained and handling ease 
may deteriorate. This tendency becomes particularly marked 
when the thickness of the layer A becomes 25 \im or less. The 
Young's moduli in the two crossing directions are preferably 
12 GPa or more, particularly preferably 14 GPa or more. 
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Preferably, the layer A has a linear thermal expansion 
coefficient of -12 ppm/** C to 12 ppm/'^C. The linear thermal 
expansion coefficient of the layer A is more preferably -10 
ppm/*C to 10 ppm/"C, vnien the linear thermal coefficient 
5 is within the above range, the resulting laminate can be 
advantageously used as an insulating material having 
excellent dimensional stability for electronic material 
application. 

Preferably, the layer A has an average thickness of 
10 50 (un or less. When the thickness of the layer A is larger 
than 50 |im, the thickness of the whole laminate increases 
as the base layer becomes thicker, whereby size and thickness 
requirements in various applications may not be satisfied. 
From the above requirements, the thickness of the layer A 
15 is more preferably 30 pm or less, much more preferably 20 
jxm or less, particularly preferably 15 nm or less. The lower 
limit is not particularly limited but substantially about 
0.1 ^ from the viewpoint of the handling ease of the film. 

20 <wholly aromatic polyimide (PI^'^)> 

The wholly aromatic polyimide (PI^"^) having a glass 
transition point of 350* C or higher (A-1) constituting the 
layer A is a wholly aromatic polyimide having constituent 
units derived from an aromatic tetracarboxylic acid 

25 component and an aromatic diamine component. 

Examples of the aromatic tetracarboxylic acid 
component include pyromellitic acid, 
1,2,3, 4-benzenetetracarboxylic acid, 
2,3,5, 6-pyridinetetracarboxylic acid, 

30 2,3,4,5-thiophenetetracarboxylic acid, 

2,2' ,3,3' -benzophenonetetracarboxylic acid, 
2 , 3 ' , 3 , 4 ' -benzophenonetetracarboxylic acid, 
3 , 3 ' , 4 , 4 ' -benzophenonetetracarboxylic acid, 
3,3' ,4,4' -biphenyltetracarboxylic acid. 
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2,2' ,3,3' -biphenyltetracarboxylic acid , 
2,3,3' , 4 ' -biphenyltetracarboxylic acid, 
3,3' ,4,4' -p-terphenyltetracarboxylic acid, 
2,2' ,3,3' -p-terphenyltetracarboxylic acid, 
5 2,3,3' , A '—p-terphenyltetracarboxylic acid, 

1.2.4.5 - naphthalenetetracarboxylic acid , 

1.2.5.6 - naphthalenetetracarboxylic acid , 1,2,6,7- 
naphthalenetetracarboxylic acid, 1,4,5,8- 
naphthalenete tracarboxylic acid , 2,3,6,7- 

10 naphthalenetetracarboxylic acid, 

2.3.6.7- anthracenetetracarboxylic acid, 1,2,5,6- 
anthracenetetracarboxylic acid, 

1.2.6.7 - phenanthrenetetracarboxylic acid, 

1.2.7.8 - phenanthrenetetracarboxylic acid , 
15 1,2,9, 10 -phenanthrenetetracarboxylic acid, 

3,4,9, 10-perylenetetracarboxylic acid, 

2 . 6 - dichloronaphthalene- 1 ,4,5,8 - tetracarboxylic acid, 

2.7- dichloronaphthalene -1,4,5,8- tetracarboxylic acid , 

2.3.6.7- tetrachloronaphthalene- 1 ,4,5,8- tetracarboxylic 
20 acid, 

1.4.5.8 - tetrachloronaphthalene -2,3,6,7- tetracarboxylic 
acid , bis ( 2 , 3 - dicarboxyphenyl ) ether , 

bis ( 3 , 4 - dicarboxyphenyl ) ether , 
bis (2,3- diccirboxyphenyl ) methane , 
25 bis(3,4 - dicarboxyphenyl } methane , 
bis ( 2 , 3 -dicarboxyphenyl ) sulfone , 
bis ( 3 , 4 - dicarboxyphenyl ) sulfone , 
1 , 1 -bis { 2 , 3 -dicarboxyphenyl ) ethane , 

1 . 1 - bis { 3 , 4 -dicarboxyphenyl ) ethane , 
30 2 , 2 -bis (2,3- dicarboxyphenyl ) propane , 

2 . 2 - bis (3,4- dicarboxyphenyl ) propane , 
2,6-bis(3,4- dicarboxyphenoxy ) pyridine , 
1,1,1,3,3, 3 -hexaf louro - 2 , 2 -bis (3,4- dicarboxyphenyl ) 
propane and bis ( 3 , 4 -dicarboxyphenyl ) dimethylsilane . These 
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aromatic tetracarboxylic acid components may be used in 
combination of two or more. 

Out of these, pyromellitic acid alone or a combination 
of pyromellitic acid and the above aromatic tetracarboxylic 
5 acid other than pyromellitic acid is preferred as the 
aromatic tetracarboxylic acid component. 

More specifically, pyromellitic dianhydride is 
preferably contained in an amount of 50 to 100 mol% of the 
total of all the tetracarboxylic acid components. When the 

10 amount of pyromellitic dianhydride is 50 mol% or more, the 
concentration of the imido group in the wholly aromatic 
polyimide Ccui be increased, thereby meJcing it possible to 
improve adhesion. The eunount of pyromellitic dianhydride 
is preferably 70 to 100 mol%, more preferably 90 to 100 mol%. 

15 Particularly preferably, pyromellitic dieuihydride is used 
alone . 

Examples of the aromatic diamine component include 
1 , 4 -phenylenediamine , 1 , 3 -phenylenediamine , 
1,4- diaminonaphthalene , 1,5- diaminonaphthalene , 
20 1 , 8 -diaminonaphthalene, 2 , 6 - diaminonaphthalene , 
2,7- diaminonaphthalene , 2,6- diaminoanthracene , 
2,7- diaminoanthracene , 1,8- diaminoanthracene , 

2 . 4- diamino toluene, 2 , 5-diamino(m- xylene) , 

2.5- diaminopyr idine , 2,6- diaminopyr idine , 

25 3 , 5 -diaminopyr idine , 2 , 4 -diamine toluenebenz idine , 
3,3' -diaminobiphenyl , 3,3' -dichlorobenz idine , 
3,3' -dime thy Ibenz idine , 3,3' -dimethoxybenzidine , 
2,2' -diaminobenzophenone , 4,4' -diaminobenzophenone , 
3,3' -diaminodiphenyl ether, 4 , 4 ' -diaminodiphenyl ether, 

30 3,4'- diaminodiphenyl ether , 3,3'- diaminodiphenylmethane , 
4,4' -diaminodiphenylmethane , 3,4' -diaminodiphenylmethane , 
3,4' -difiuninodiphenylsulf one , 4,4' -diaminodiphenylsulf one , 
3,3' -diaminodiphenyl sulfide , 3,4' -diaminodiphenyl sulfide , 
4 , 4 ' -diaminodiphenyl sulfide, 4 , 4 ' -diaminodiphenyl 



13 

thioether , 4,4' -diamino-3 , 3 ' 5 , 5 ' - tetramethyldiphenyl 
ether , 4,4'- diamine -3,3' ,5,5' - t et rae thyldiphenyl ether , 
4,4' -diamino-3 , 3 ' ,5^5' - tetramethyldiphenylmethane , 

1 . 3 - bis ( 3 - aminophenoxy ) benzene , 
5 1 ,3-bis{ 4 -aminophenoxy) benzene, 

1 . 4 - bis ( 3 - aminophenoxy ) benzene , 
1 , 4 -bis ( 4 - aminophenoxy ) benzene , 
2,6-bis{3- aminophenoxy ) pyridine , 

1 , 4 -bis ( 3 - aminophenylsulf onyl ) benzene , 
10 1 , 4-bis( 4-aminophenylsul£onyl)benzene, 

1 , 4 -bis ( 3 - aminophenylthioether ) benzene , 

1 , 4 -bis ( 4 - aminophenylthioether ) benzene , 

4,4' -bis ( 3 -aminophenoxy) diphenylsulfone , 

4,4' -bis ( 4 -aminophenoxy) diphenylsulfone , 
15 bis ( 4 -aminophenyl ) amine , bis ( 4 -aminophenyl ) -N-methylamine , 

bis(4-aminophenyl) -N-phenylamine, 

bis ( 4 - aminophenyl ) phosphine oxide , 

1 , 1-bis ( 3 -aminophenyl ) ethane , 

1 . 1- bis ( 4 -aminophenyl ) ethane , 
20 2 , 2-bis( 3 -aminophenyl) propane, 

2 . 2 - bis ( 4 - aminophenyl ) propane , 

2 , 2-bis ( 4 -amino- 3 , 5 -dimethylphenyl) propane, 
4,4' -bis ( 4 -aminophenoxy ) biphenyl , 
bis[4-(3- aminophenoxy ) phenyl ] sulf one , 

25 bis [4- (4 -aminophenoxy) phenyl] sulf one, 
bis[4-(4- aminophenoxy ) phenyl ] ether , 
bis [ 4 - ( 4 - aminophenoxy ) phenyl ] methane , 
bis [ 3 -methyl - 4 - ( 4 - aminophenoxy ) phenyl ] methane , 
bis [ 3 - chloro - 4 - ( 4 - aminophenoxy ) phenyl ] methane , 

30 bis[3,5- dimethyl - 4 - ( 4 - aminophenoxy ) phenyl ] methane , 
l,l-bis[4-(4- aminophenoxy ) phenyl ] ethane , 
1 , 1 -bis [ 3 -methyl- 4 - ( 4 -aminophenoxy ) phenyl ] ethane , 
1 , 1-bis [ 3 -chloro- 4- ( 4 -aminophenoxy ) phenyl] ethane, 
1 , 1-bis [ 3 , 5 -dimethyl- 4- ( 4-aminophenoxy) phenyl ] ethane , 
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2 , 2 -bis [ 4 - ( 4 - aminophenoxy ) phenyl ] propane , 2,2 -bis 
[ 3 -methyl- 4 - ( 4 -aminophenoxy ) phenyl ] propane , 
2,2-bis[3- chlor o - 4 - ( 4 - aminophenoxy ) phenyl ] propane , 
2 , 2-bis [ 3 , 5-dimethyl-4- ( 4 -aminophenoxy) phenyl] propane, 
5 2 , 2 -bis [ 4 - { 4 -aminophenoxy ) phenyl ] butane , 

2 , 2 -bis [ 3 -methyl- 4 - ( 4 -aminophenoxy ) phenyl ] butane , 
2,2- bis [3,5- dimethyl - 4 - ( 4 - aminophenoxy ) phenyl ] butane , 

2.2- bis [3,5- dibromo - 4 - ( 4 - aminophenoxy ) phenyl ] butane , 
1,1,1,3,3,3- hexaf luor o -2,2-bis(4- aminopheny 1 ) propane , 

10 1,1,1,3,3 , 3-hexaf luoro-2 , 2-bis [ 3-methyl-4- { 4- 

aminophenoxy) phenyl] propane and components obtained by 
substituting the aromatic nucleus thereof by a halogen atom 
or alkyl group. The above aromatic diamine components may 
be used in combination of two or more. 

15 1,4 - phenyl enediamine , 1 , 3-phenylenediamine , 

3,4' -dlaminodiphenyl ether , 

1 . 3 - bis ( 3 - aminophenoxy ) ben z ene and 4,4'- dlaminodiphenyl 
ether are preferred as the aromatic diamine component. 

1 . 4- phenylenedicanine is preferably contained in an amount 
20 of 40 to 100 mol% of the total of all the aromatic diamine 

components . 1 , 3-phenylenediamine , 3,4' -dlaminodiphenyl 
ether , 4,4' -dlaminodiphenyl ether and 

1 , 3-bis { 3 -aminophenoxy) benzene are preferred as aromatic 
diamine components other than 1 , 4-phenylenediamine • Out of 
25 these, 3, 4' -dlaminodiphenyl ether is particularly 
preferred. 

Therefore, a wholly aromatic polyimide comprising a 
constituent unit represented by the following formula (I) 
is preferred as the wholly aromatic polyimide (PI^"^). 



O O 




30 O O . . . 

In the above formula (I), Ar^ is a 1 , 4-phenylene group 
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which may contain a non-reactive substituent. 

Examples of the non-reactive substituent include alkyl 

groups such as methyl group, ethyl group, propyl group and 

cyclohexyl group, aromatic groups such as phenyl group and 
5 naphthyl group, halogen groups such as chloro group, fluoro 

group and bromo group, alkoxy groups such as methoxy group, 

ethoxy group and phenoxy group, and nitro group. 

Therefore, examples of the group represented by Ar^ 

include 2 -chloro- 1 ,4-phenylene group, 
10 2 - bromo - 1 , 4 -phenylene group , 2 -methyl - 1 , 4 -phenylene group , 

2 -ethyl- 1 , 4 -phenylene group , 2 -cyclohexyl- 1 , 4 -phenylene 

group , 2 - phenyl - 1 , 4 - phenylene group , 2 -nitro- 1 , 4 - phenylene 

group , 2 -methoxy- 1 , 4 -phenylene group , 

2,5- dichlor o -1,4- phenylene group , 
15 2,6- dichlor o -1,4- phenylene group , 

2.5- dibr omo -1,4- phenylene group , 

2.6- dibr omo -1,4- phenylene group , 

2 - chloro - 5 - bromo -1,4- phenylene group , 

2 - chloro - 5 - f luor o -1,4- phenylene group , 
20 2 , 5-dimethyl-l , 4-phenylene group, 

2 , 6 -dimethyl- 1 , 4-phenylene group, 

2,5- dicy clohexy 1 -1,4- phenylene group , 

2,5- dipheny 1 -1,4- phenylene group , 

2 , 5-dinitro-l , 4-phenylene group, 
25 2 , 5 -dimethoxy-1 , 4-phenylene group, 

2,3,5- trichloro - 1 , 4-phenylene group , 

2,3,5- t r if luor o -1,4- phenylene group , 

2,3,5- trime thyl - 1 , 4-phenylene group , 

2,3,5, 6 - tetrachloro- 1 , 4-phenylene group , 
30 2, 3,5, 6- tetrafluoro-1, 4-phenylene group, 

2,3,5,6- tetrabromo -1,4 -phenylene group , 

2,3,5,6-tetramethyl-l,4-phenylene group and 

2,3,5,6-tetraethyl-l,4-phenylene group. Out of these, 

1 , 4-phenylene group is particularly preferred. 



9- 
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A wholly aromatic polyimide comprising 40 mol% or more 
and less than 100 mol% of the constituent unit represented 
by the above formula (I) and more than 0 mol% and 60 mol% 
or less of a constituent unit represented by the following 
5 formula (IV) is preferred as the wholly aromatic polyimide 

O O 

O O • • • (IV) 

In the above formula (IV), Ar** and Ar*** cure each 
independently an aromatic group having 6 to 20 carbon atoms 
10 which may contain a non-reactive substituent. 

Examples of the non-reactive substituent are the seune 
as those listed for the non-reactive substituent in Ar^ in 
the above formula (I) . Examples of the aromatic group having 
6 to 20 carbon atoms include phenylene group and 
15 naphthalenediyl group. 

Examples of the groups represented by Ar^^ and Ar*** 
include 1 , 4-phenylene group, 2-chloro-l , 4 -phenylene group, 
2-bromo-l , 4-phenylene group, 2-methyl-l , 4-phenylene group, 
2 - ethyl -1,4- phenylene group , 2 - cyclohexyl -1,4- phenylene 
20 group, 2 -phenyl- 1 , 4-phenylene group, 2 -nitro- 1 , 4-phenylene 
group, 2 -methoxy-1, 4-phenylene group, 

2.5- dichloro -1,4 -phenylene group , 

2.6- dichloro- 1 , 4 -phenylene group , 
2,5- dibromo -1,4- phenylene group , 

25 2,6- dibromo -1,4- phenylene group , 

2 -chloro- 5 -bromo- 1 , 4-phenylene group , 
2 - chloro - 5 - f luoro -1,4- phenylene group , 

2.5- dimethyl - 1 , 4-phenylene group , 

2. 6 - dime thy 1-1, 4-phenylene group, 

30 2 , 5-dicyclohexyl-l , 4-phenylene group, 
2 , 5-diphenyl-l , 4-phenylene group. 
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2,5- dini t r o -1,4- pheny lene group , 
2 , 5-dimethoxy-l , 4 -pheny lene group, 
2 , 3 , 5 ~ t r ichlor o -1,4- pheny lene group , 

2.3.5- trif luoro - 1 , 4 -pheny lene group , 
5 2,3,5-trlmethyl-l,4-phenylene group, 

2,3,5,6- tetrachloro - 1 , 4 -phenylene group , 
2,3,5,6- tetraf luoro- 1 , 4 -phenylene group , 
2,3,5,6- te trabromo -1,4 -phenylene group , 
2,3,5,6- tetramethyl -1,4 -phenylene group , 
10 2,3,5,6-tetraethyl-l,4-phenylene group, 1 , 3-phenylene 

group, 5-chloro-l , 3-phenylene group, 5 -bromo- 1 , 3-phenylene 
group , 5 -methyl -1,3 -phenylene group , 5 - ethyl - 1 , 3-phenylene 
group , 5 - cyclohexyl -1,3- phenylene group , 

5 -phenyl -1, 3-phenylene group, 5 -nitro-1, 3-phenylene group, 
15 5 -me thoxy-1 , 3-phenylene group, 2 , 5-dichloro-l , 3-phenylene 

group , 2,5- dlbr omo -1,3- phenylene group , 

2 , 5-dibromo-l , 3-phenylene group, 

2 - chlor o - 5 - bromo -1,3- phenylene group , 

2-chloro-5-f luoro-1 , 3-phenylene group, 
20 2 , 5 -dimethyl- 1 , 3-phenylene group, 

2 , 5 - dimethyl- 1 , 3-phenylene group, 

2,5- dicyclohexyl -1,3- phenylene group , 

2 , 5 -diphenyl- 1 , 3 -phenylene group , 

2, 5 - dini tro-1, 3-phenylene group, 
25 2, 5 -dime thoxy-1, 3-phenylene group, 

2.4.6- tr ichlor o -1,3- phenylene group , 
2 , 4 , 6- trif luoro-1 , 3-phenylene group, 

2,4,6- trimethyl- 1 , 3-phenylene group , 1 , 6 -biphenylene group 
and 2 , 6 -naphthylene group . Out of these , 1 , 4 -phenylene 
30 group and 1 , 3-phenylene group are preferred. 

In the above formula (IV), n is 1 or 2. When n is 2, 
substantially two Ar'^^'s are existent in the formula (VI). 
The two Ar'^^'s may be independently different or the same in 
structure. Particularly preferably, n is 1. 
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<manuf acture of wholly aromatic polyimide film> 

A film of the wholly aromatic polyimide (PI^"^) can be 
manufactured by the following method. That is, an aromatic 
5 tetracarboxylic acid component and an aromatic diamine 
component as raw materials are polymerized in an organic 
polar solvent to produce a solution containing a polyamic 
acid or a polyamic acid derivative as a precursor. 
Thereafter, the solution is cast over a support, dried and 

10 heated to be imidized so as to produce the above film. 

The aromatic tetracarboxylic acid component as a raw 
material is, for example, an aromatic tetraccirboxylic 
dianhydride. Part or all of the aromatic tetracarboxylic 
acid component may be a dicarboxylic acid halide or an alkyl 

15 dicarboxylate derivative. An aromatic tetracarboxylic 
dianhydride is preferably used. 

The aromatic diamine component as a raw material is , 
for example, an aromatic diamine or an amic acid forming 
derivative of an aromatic diamine. One or all of the amino 

20 groups of the aromatic diamine component may be 

trialkylsilylated. Or, one or all of the amino groups may 
be amidated by an aliphatic acid such as acetic acid. Out 
of these, an aromatic diamine is preferably used. 

Examples of the organic polar solvent include 

25 N-methyl-2-pyrrolidone, dimethyl acetamide and dimethyl 
imidazolidinone. The polymerization temperature is 
preferably -30 to 120"* C. Drying is preferably carried at 
80 to 400** C. The heat treatment is preferably carried out 
at 250 to eoO^'C. 

30 The above film is also manufactured by chemically 

carrying out a cyclodehydration reaction between an 
aliphatic anhydride such as dicyclohexyl carbodiimide or 
acetic anhydride and an organic nitrogen compound such as 
pyridine to obtain a swollen gel film, stretching the gel 
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film and drying and heating the film under fixed length ( JP-A 
2002-179810) . It can be said that this method which enables 
the control of linear thermal expansion coefficient and 
Young's moduli by stretching conditions is particularly 
5 preferred for this application. 

<wholly aromatic polyamide (PA^'^)> 

The wholly aromatic polyamide (PA^^^) having a glass 

transition point of 350' C or higher (A-2) constituting the 
10 layer A is a wholly aromatic polyamide having constituent 

units derived from an aromatic dicarboxylic acid component 

cmd an aromatic diamine component. 

Excunples of the aromatic dicarboxylic acid component 

include terephthalic acid, isophthalic acid, 
15 1,4- dicarboxynaphthalene , 1,5- dicarboxynaphthalene , 

1,8- dicarboxynaphthalene , 2,6- dicarboxynaphthalene , 

2,7- dicarboxynaphthalene , 2,6- dicarboxyanthracene , 

2 , 7 -dicarboxyanthracene , 1 , 8 -dicarboxyanthracene , 

2,4- dicarboxy toluene , 2,5- dicarboxy { m-xylene ) , 
20 3,3' -dicarboxybiphenyl , 2,2' -dicarboxybenzophenone , 

4,4' -dicarboxybenzophenone , 3,3' -dicarboxydiphenyl ether , 

4,4' -dicarboxydiphenyl ether, 3,4' -dicarboxydiphenyl ether, 

3,3' -dicarboxydiphenylme thane , 

4,4' -dicarboxydiphenylme thane , 
25 3,4'- dicarboxydiphenylme thane , 

3,4' -dicarboxydiphenylsulf one , 

4,4' - dicarboxydiphenyl suf one , 3,3' -dicarboxydiphenyl 
sulf ide , 3,4'- dicarboxydiphenyl sulfide , 
4,4' -dicarboxydiphenyl sulfide , 
30 4,4' -dicarboxydiphenyl thioether, 

4,4' -dicarboxy- 3 , 3 ' , 5 , 5 ' - tetramethyldiphenylether , 
4,4' -dicarboxy- 3 , 3 ' ,5,5' - tetraethyldiphenylether , 
4,4' -dicarboxy- 3 , 3 ' , 5 , 5 ' -tetramethyldiphenylmethane, 
1, 3-bis( 3-carboxyphenoxy) benzene. 
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1 . 3- bis ( 4-carboxyphenoxy) benzene, 
1 , 4-bis ( 3 -carboxyptienoxy) benzene, 

1 . 4 - bis ( 4 - carboxypbenoxy ) benzene , 
2,6-bis(3- carboxyphenoxy ) pyridine , 

5 1 , 4-bis(3-carbox3^henylsulfonyl)benzene, 
1 , 4 -bis ( 4 - carboxyphenylsulf onyl ) benzene , 
1 , 4 -bis ( 3 - carboxypbenylthioether ) benzene , 
1 , 4 -bis ( 4 -carboxyphenylthioether ) benzene , 
4,4' -bis( 3-cearboxyphenoxy)cLip]ienylsul£one, 

10 4,4' -bis ( 4 -carboxyphenoxy )diphenylsulf one, 
bis ( 4 - carboxyphenyl ) amine , 
bis ( 4 -carboxyphenyl ) -N-methylamine , 
bis ( 4 -carboxyphenyl) -N-phenylamine , 
bis ( 4 -carboxyphenyl ) phosphine oxide , 

15 l,l-bis(3- carboxyphenyl ) ethane , 

1 . 1- bis( 4 -carboxyphenyl) ethane, 

2 . 2 - bis {3-carboxyphenyl) propane, 
2 , 2-bis ( 4 -carboxyphenyl) propane, 
2,2-bis(4- car boxy- 3^5- dime thy Iphenyl ) propane , 

20 4,4' -bis ( 4 -carboxyphenoxy) biphenyl , 

bis [ 4 - { 3 -carboxyphenoxy ) phenyl ] sulf one , 
bis 1 4 - ( 4 -carboxyphenoxy ) phenyl ] sulfone , 
bis [ 4 - ( 4 - carboxyphenoxy ) phenyl ] ether , 
bis [ 4 - ( 4 -carboxyphenoxy } phenyl ] methane , 

25 bis [ 3 -methyl - 4 - ( 4 - carboxyphenoxy ) phenyl ] methane , 
bis [ 3-chloro-4- ( 4 -carboxyphenoxy ) phenyl] methane, 
bis [ 3 , 5 -dimethyl- 4 - ( 4 - carboxyphenoxy ) phenyl ] methane , 
l,l-bis[4-(4- ccurboxyphenoxy ) phenyl ] ethane , 
1 , 1 -bis [ 3 -methyl - 4 - ( 4 - Ccirboxyphenoxy ) phenyl ] ethane , 

30 l,l-bis[3 - chloro - 4 - ( 4 - carboxyphenoxy ) phenyl ] ethane , 

1 . 1 - bis [3,5- dimethyl - 4 - ( 4 - carboxyphenoxy ) phenyl ] ethane , 

2 . 2- bis [ 4 - ( 4 -carboxyphenoxy ) phenyl ] propane , 

2 , 2-bis [ 3 -methyl- 4- ( 4 -carboxyphenoxy) phenyl] propane , 
2 , 2 - bis [ 3 - chloro - 4 - ( 4 - carboxyphenoxy ) phenyl ] propane , 
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2 , 2 -b±s [ 3 , 5 - dimethyl - 4 - ( 4 - carboxyphenoxy ) phenyl ] propane , 
2,2-bis[4-(4- carboxyphenoxy ) phenyl ] butane , 
2 , 2 -bis [ 3 -methyl - 4 - ( 4 - carboxyphenoxy ) phenyl ] butane , 
2,2-bis[3,5- dimethyl - 4 - ( 4 - carboxyphenoxy ) phenyl ] butane , 
5 2,2 -bis [ 3 , 5 -dibromo- 4 - ( 4 -carboxyphenoxy ) phenyl ] butane , 
1,1,1,3,3,3 -hexaf luoro- 2 , 2 -bis ( 4 - carboxyphenyl ) propane , 
1,1,1,3,3, 3-hexaf luoro-2 , 2-bis [ 3-methyl-4- ( 4- 
carboxyphenoxy) phenyl] propane and components obtained by 
substituting the aromatic nucleus thereof by a halogen atom 

10 or an alkyl group. The above aromatic dicarboxylic acid 
components may be used in combination of two or more. 

Terephthalic acid and isophthalic acid are preferred 
as the aromatic dicarboxylic acid component. Out of these, 
terephthalic acid is particularly preferred from the 

15 viewpoints of mechanical properties and heat resistance. 

Examples of the aromatic diamine component include 
1 , 4 -phenylenediamine , 1,3- phenylenedicumine , 
1,4- diaminonaphthalene , 1,5- diaminonaph thalene , 
1,8- diaminonaphthalene , 2,6- diaminonaphthalene , 

20 2,7- diaminonaphthalene , 2,6- diaminoan t hr acene , 
2 , 7 -diaminoanthracene , 1 , 8 -diaminoan thr acene , 

2. 4 - diamine toluene, 2 , 5-diamino(m- xylene) , 

2.5- diaminopyr idine , 2,6- diaminopyr idine , 

3 , 5-diaminopyridine , 2,4 -diamonotoluenebenzidine , 
25 3,3' -diaminobiphenyl , 2,2' -dieiminobenzophenone , 

4,4' -diaminobenzophenone , 3,3' -diaminodiphenyl ether , 
4,4'- diaminodiphenyl ether , 3,4'- diaminodiphenyl ether , 
3,3' -diaminodiphenylme thane , 4,4' -diaminodiphenylme thane , 
3,4' -diemiinodiphenylmethane , 3,4' -diaminodiphenylsulf one , 
30 4,4' -diaminodiphenylsulf one , 3,3' -diaminodiphenyl sulfide , 
3,4' -diaminodiphenyl sulfide , 4,4' -diaminodiphenyl sulfide, 
4,4' - diaminodiphenyl thioether, 

4,4' -diamine -3 , 3 ' , 5 , 5 ' - tetramethyldiphenyl ether, 
4,4' -diamine- 3 , 3 ' ,5,5' - tetraethyldiphenyl ether. 
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4,4' -dlamino- 3 , 3 ' ,5,5' -tetramethyldlphenylme thane , 
1 , 3-bis ( 3 -amlnophenoxy) benzene, 

1 . 3 - bis ( 4 -amlnophenoxy ) benzene , 

1 . 4- bls( 3 -amlnophenoxy) benzene, 
5 1 , 4 -bis ( 4 - amlnophenoxy ) benzene , 

2,6-bls(3- amlnophenoxy ) pyridine , 
1 , 4 -bis ( 3 - amlnophenylsulf onyl ) benzene , 
1 , 4-bls(4-amlnophenylsulfonyl)benzene, 
1 , 4 -bis ( 3 -amlnophenylthloether ) benzene , 
10 1 , 4-bls (4 -amlnophenylthloether ) benzene, 
4,4' -bis ( 3 -amlnophenoxy ) dlphenylsulf one , 
4,4' -bis ( 4 -cunlnophenoxy) dlphenylsulf one, 

bis ( 4 - amlnophenyl ) amine , bis ( 4 - amlnophenyl ) -N-methylamlne , 
bis ( 4 - amlnophenyl ) -N-phenylamlne , 
1 5 bis ( 4 - amlnophenyl ) phosphlne oxide , 
1 , 1 -bis ( 3 - amlnophenyl ) ethane , 

1.1- bls(4- amlnophenyl ) ethane , 

2 . 2 - bis ( 3 -amlnophenyl ) propane , 
2 , 2 -bis ( 4 - amlnophenyl ) propane , 

20 2 , 2 -bis ( 4 -amino- 3 , 5 -dlmethylphenyl ) propane , 

4,4' -bis ( 4 -amlnophenoxy ) blphenyl , 

bls[4-(3- amlnophenoxy ) phenyl ] sulf one , 

bls[4-(4- amlnophenoxy ) phenyl ] sulf one , 

bis [ 4 - ( 4 -amlnophenoxy ) phenyl ] ether , 
2 5 bis [ 4 - { 4 - amlnophenoxy ) phenyl ] methane , 

bis [ 3 -methyl - 4 - { 4 - amlnophenoxy ) phenyl ] methane , 

bis [ 3 - chlor o - 4 - ( 4 - amlnophenoxy ) phenyl ] methane , 

bis [ 3 , 5 -dimethyl- 4- ( 4 -amlnophenoxy) phenyl] methane, 

1 , 1-bls [4- ( 4 -amlnophenoxy ) phenyl] ethane , 
30 l,l-bis[3 -methyl - 4 - ( 4 - amlnophenoxy ) phenyl ] ethane , 

1 , 1 -bis [ 3 - chloro- 4 - ( 4 - amlnophenoxy ) phenyl ] ethane , 

1.1- bls[3,5- dimethyl - 4 - ( 4 - amlnophenoxy ) phenyl ] ethane , 

2.2- bls[4-(4- amlnophenoxy ) phenyl ] propane , 

2 , 2 -bis [ 3 -methyl- 4 - ( 4 -amlnophenoxy ) phenyl ] propane , 
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2,2-bis[3 - chloro - 4 - { 4 - amlnophenoxy ) phenyl ] propane , 
2 , 2 -bis [ 3 , 5 -dimethyl- 4 - ( 4 -cuninophenoxy ) phenyl ] propane , 
2 , 2 -bis [ 4 - ( 4 - aminophenoxy ) phenyl ] butane , 
2 , 2 -bis [ 3 -methyl- 4 - ( 4 -aminophenoxy ) phenyl ] butane , 
5 2,2-bis[3,5- dimethyl - 4 - ( 4 - aminophenoxy ) phenyl ] butane , 
2,2-bis[3,5- dibr omo - 4 - ( 4 - aminophenoxy ) phenyl ] butane , 
1,1,1^3,3, 3-hexaf luoro-2 , 2-bis ( 4 -aminophenyl) propane , 
1,1,1,3,3, 3-hexaf luoro-2 , 2-bis [ 3-methyl-4 - ( 4- 
aminophenoxy) phenyl] propane and components obtained by 

10 substituting the aromatic nucleus thereof by a halogen atom 
or alkyl group. The above aromatic diamine components may 
be used in combination of two or more. 

1,4- pheny lenediamine , 1,3- pheny lenediamine , 
3,4' -diaminodiphenyl ether , 4,4' -diaminodiphenyl ether and 

15 1, 3 -bis ( 3- aminophenoxy) benzene are preferred as the 
aromatic diamine component. Out of these, 
1 , 4-pheny lenediamine is particularly preferred from the 
viewpoints of mechanical properties and heat resistance. 

The wholly aromatic polyamide (PA'^*^) is preferably a 

20 wholly aromatic polyamide comprising a constituent unit 
represented by the following formula (V). 

— C-Ar^^-C-N-Ar^^'-N— 
II II I I 

O OH H • • • (V) 

In the above formula (V) , Ar^^ and Ar^** are each 
independently an aromatic group having 6 to 20 carbon atoms 
25 which may have a non-reactive substituent. 

Examples of the aromatic group having 6 to 20 carbon 
atoms include phenylene group, naphthalenediyl group, 
anthracenediyl group and toluenediyl group. 

Excimples of the non-reactive substituent include alkyl 
30 groups such as methyl group, ethyl group, propyl group and 
cyclohexyl group, aromatic groups such as phenyl group and 
naphthyl group, halogen groups such as chloro group, fluoro 
group and bromo group, nitro group, methoxy group, ethoxy 
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group and phenoxy group. 

Therefore, the wholly aromatic polyamide (PA^"^) is 
particularly preferably a wholly aromatic polyamide 
comprising a constituent unit represented by the following 
5 formula (II). 



<manufacture of wholly aromatic polyamide film> 

The wholly aromatic polyamide (PA^"^) can be 
manufactured by the following method. That is, it can be 

10 manufactured by reacting a chloride of the above aromatic 
dicarboxylic acid component with the above aromatic diamine 
component in an organic polar solvent such as 
N-methyl-2-pyrrolidone, N,N-dimethylacetamide or 
N , N-dimethylf ormamide • 

15 It can also be manufactured by carrying out the 

interfacial polymerization of similar raw materials using 
an organic solvent such tetrahydrofuran and a poor solvent 
such as water. An alkali such as an aqueous solution of 
sodium hydroxide may be used as a polymerization accelerator 

20 for the interfacial polymerization. 

The film can be manufactured by a wet process or dry 
process using the obtained wholly aromatic polyamide 
solution. The wholly aromatic polyamide solution after 
polymerization may be used as it is. 

25 The wholly aromatic polyamide may be re-dissolved in 

a solvent after it is isolated before use. The solvent is 
preferably an organic polar solvent such as 
N-methyl- 2 -pyrrolidone , N , N-dimethylacet amide or 
N, N- dime thy If ormamide . In the case of a wholly aromatic 

30 polyamide having low solubility, a strong acid solvent such 
as concentrated sulfuric acid, concentrated nitric acid or 
polyphosphoric acid is preferably used. 




An inorganic salt such as calcium chloride, magnesium 



25 

chlorxde, lithium chloride or lithium nitrate may be 
optionally added to the wholly aromatic polyamlde solution 
as a dissolving aid. The concentration of the wholly 
aromatic polyamlde In the solution Is preferably 1 to 60 wt%, 
5 more preferably 3 to 40 wt%. 

The surface of the layer A constituting the laminate 
(I) may be subjected to a surface treatment such as corona 
treatment, plasma treatment or sandblast treatment, and an 
acid treatment with nitric acid, alkali treatment with 

10 potassium hydroxide or treatment with a surface modifier such 
as a silane coupling agent, in order to obtain a stable 
adhesion with layer B. 
< adhesive layer (B)> 

The adhesive layer (B) constituting the laminate (I) 

15 of the present Invention is formed on one side or both sides 
of the above layer A. When the layer B is to be formed on 
both sides of the layer A, the thicknesses and compositions 
of the layers B can be set Independently and suitably to the 
following ranges according to their purposes and the adherend 

20 layer (C). Therefore, when the layer B Is formed on both 
sides, the structure and constitution in the thickness 
direction of the laminate may be symmetrical or asymmetrical. 

The layer B comprises (B-1) a wholly aromatic polyimide 
^pjB-ij having a glass transition point of 180* C or higher 

25 and lower than 350* C, (B-2) a wholly aromatic polyamlde 

(PA®"^) having a glass transition point of 180'' C or higher 
and lower than 350* C, or (B-3) a resin composition (RC®'^) 
comprising a wholly aromatic polyimide (PI^"^) and a wholly 
aromatic polyamlde (PA®'^) having a glass transition point 

30 of 180* C or higher and lower than 350° C. 

When the layer B comprises PI®"^ or PA®"^, if the glass 
transition point is lower than 180* C, heat resistance becomes 
unsatisfactory and if the glass transition point is 350* C 
or higher, a high temperature may be required for bonding 
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the layer B to the adherend layer (C)« or adhesion may 
deteriorate. The glass transition point Is preferably 200 
to 345' C, more preferably 220 to 340*C. 

The thickness of the layer B Is preferably In the range 
5 of 0.1 to 50 |im. When the thickness Is smaller than 0.1 [jim, 
adhesion accuracy to the adherend layer (C) Is not obtained, 
the accuracies of the flatness and smoothness of the contact 
surface of a contact bonding device are required, the control 
of flatness and smoothness becomes unsatisfactory, and 

10 bonding nonunif ormity frequently occurs* When the 

thickness is larger than 50 |uum, heat is hardly conducted for 
bonding the layer B to the adherend layer (C) made of an 
Inorganic material, thereby taking time to transmit a 
temperature and reducing productivity. The whole laminate 

15 becomes thick and may not satisfy the size and thickness 
requirements in various applications. 

Therefore, in consideration of the preferred thickness 
of the layer A, the thickness of the whole laminate (I) is 
preferably substantially 1 to 150 [xm. It is more preferably 

20 1 to 100 |xm, much more preferably 1 to 50 \un, particularly 
preferably 2 to 25 |jun. 

The layer B may take any form according to the shape 
of the laminate, the shape of the adherend layer (C) and the 
use purpose and method of the laminate. Stated more 

25 specifically, the layer B Itself may be formed as a fine 
coating film. With a view to controlling adhesive force, 
an inorganic salt such as glass, carbon, titanium oxide, talc, 
foamed particles or barium titanate, metal or glass particles , 
short fibers or whiskers may be added within limits that do 

30 not impair their original characteristic properties. For 
example, they may be added in an amount of 40 vol% or less. 

The layer B may be porous to Increase its adhesion 
accuracy or control its adhesive force. When it is porous, 
pores may be continuous or independent. A material having 
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a porosity of, for example, 80 % or less may be preferably 
used. As an example of the method of manufacturing the porous 
layer B, a method of manufacturing a wholly aromatic porous 
polyamlde disclosed, for example, by PCT/ JP03/11729 can be 
5 advantageously employed. 

Further, the layer B does not need to be always existent 
on the entire surface of the layer A and may take any form 
according to the shape of the laminate, the shape of the 
adherend layer (C) and the use purpose and method of the 

10 laminate. For example, the layer B may be existent only at 
the center portion of a tape-like laminate, only at both end 
portions or in a lattice. The layer B may also be existent 
on the peripheral portion or center portion of a disk- like 
laminate, or partially in a radial form. Not particularly 

15 limited, if the adhesive layer is existent on an area of 10 % 
or more of the total area of the adhesive existent surface 
of the layer A, it can be advantageously used in most cases. 

The constituent components of the wholly aromatic 
polyimide (PI°"^) and the wholly aromatic polyamlde (PA®"^) 

20 used in the layer B may be the same as those used for the 
base layer (A). From the viewpoint of adhesion, the 
requirement for glass transition point must be satisfied as 
described above. A preferred wholly aromatic polyimide and 
a preferred wholly aromatic polyamlde differ according to 

25 a combination of constituent components and composition 
ratio. 

<wholly aromatic polyimide (PI^'^)> 

The wholly aromatic polyimide (PI^"^) having a glass 
30 transition point of 180** C or higher and lower than SSO'' C (B-1) 
constituting the layer B is a wholly aromatic polyimide 
having constituent units derived from an aromatic 
tetracarboxylic acid component and an aromatic diamine 
component . 
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Examples of the aromatic tetracarboxyllc acid 
component are the same as those listed for the above wholly 
aromatic polylmlde (Pl'^"^). 

Pyromellltlc acid alone or a combination of 
5 pyromellltlc acid and the above aromatic tetracarboxyllc 
acid different from pyromellltlc acid Is preferred as the 
aromatic tetracarboxyllc acid component from the viewpoints 
of chemical stability and heat resistance. More 
specifically, pyromellitic dianhydride is contained in an 
10 amount of 50 to 100 mol% of the total of all the 

tetracarboxyllc acid components . When the cunount of 
pyromellitic dianhydride is 50 mol% or more, the 
concentration of the Imldo group In the wholly aromatic 
polylmlde can be Increased to Improve adhesion. The amount 
15 of pyromellltlc dianhydride is more preferably 70 to 100 mol%, 
much more preferably 90 to 100 mol% . Particularly preferably, 
pyromellitic dianhydride is used alone. 

Examples of the aromatic diamine component are the same 
as those listed for the above wholly aromatic polylmlde 
20 (PI^-^). 

1,4- pheny lenedlamlne , 1,3- phenyl enedlamlne , 
3,4' -dlamlnodlphenyl ether , 

1 , 3-bls ( 3 -amlnophenoxy) benzene cunid 4,4' -dleuninodiphenyl 
ether are preferred as the aromatic dleunine component. At 

25 least 3 , 4 ' -dlciminodlphenyl ether, 

1 , 3-bis ( 3-aminophenoxy )benzene and 4 , 4 ' -dlamlnodlphenyl 
ether are more preferred. 

As a particularly preferred aromatic diamine component , 
at least one selected from the group comprising 

30 3,4' -dlamlnodlphenyl ether, 

1 , 3-bis ( 3-aminophenoxy ) benzene and 4,4' -dlamlnodlphenyl 
ether is contained in an amount of 70 to 100 mol% of the total 
of all the diamine components. 1 , 4-phenylenedlamlne and 
1 , 3-phenylenedlamlne are preferred as other aromatic diamine 
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components. Out of these, a combination of 
3, 4 ' -dlamlnodlphenyl ether and other aromatic dlcimlne 
component Is preferred. 3 , 4 ' -dlamlnodlphenyl ether Is 
particularly preferably used alone. 
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Therefore, a wholly aromatic polylmlde comprising a 



constituent unit represented by the following formula (IV) 
Is used as the wholly aromatic polylmlde (PI°"^) . 



10 Independently an aromatic group having 6 to 20 carbon atoms 
which may contain a non-reactive substltuent. n is 1 or 2. 

Examples of the aromatic group having n to 20 carbon 
atoms Include phenylene group and naphthalenedlyl group. 



15 groups such as methyl group, ethyl group, propyl group and 
cyclohexyl group, aromatic groups such as phenyl group and 
naphthyl group, halogen groups such as chloro group, fluoro 
group and bromo group, alkoxyl groups such as methoxy group, 
ethoxy group and phenoxy group, and nltro group. 

20 A wholly aromatic polylmlde comprising 70 mol% or more 

and less than 100 mol% of the constituent unit represented 
by the above formula (IV) and more than 0 mol% and 30 mol% 
or less of a constituent unit represented by the following 
formula ( I ) is used . 




• (IV) 



In the above formula (IV), Ar ^ and Ar are each 



Examples of the non-reactive substltuent Include alkyl 




25 



O 



O 



• (I) 



In the formula (I) , Ar^ is a 1 , 4-phenylene group which 
may contain a non-reactive substltuent. Examples of the 
non -reactive substltuent include alkyl groups such as methyl 
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group, ethyl group, propyl group and cyclohexyl group, 
aromatic groups such as phenyl group and naphthyl group, 
halogen groups such as chloro group, fluoro group and bromo 
group, alkoxyl groups such as methoxy group, ethoxy group 
5 and phenoxy group, and nitro group. 

<formatlon of layer B made of wholly aromatic polylmlde 

(PI^"M> 

The layer B can be formed by casting an organic polar 
10 solvent solution of a polyamic acid or a polyamic acid 

derivative as a wholly aromatic polyimide precursor over the 
layer A and drying it . The solution may be heated to be 
thermally imidized while it is dried. Two or more polyamic 
acids or polyamic acid derivatives are used to form a layer 
15 made of a compatible blend of two or more polyimides. 

A dehydrating agent such as acetic anhydride or an 
organic base catalyst such as pyridine may be added to the 
solution as a suitable imidlzing aid. 

Preferred examples of the polar organic solvent 
20 include N-methyl-2-pyrrolidone, N,N-dimethylacetamide and 
N , N-dimethylf ormamide . 

Casting is carried out by extrusion from a die, with 
an applicator or with a coater. 

The temperature of the solution when it is cast is not 
25 particularly limited and preferably selected to ensure that 
the viscosity of the solution becomes 30 to 20,000 poise. 
The viscosity is more preferably 50 to 2,000 poise. 

After casting, the solvent is scattered by drying. 
Drying is carried out by heating with hot air, vacuum heating, 
30 infrared heating or microwave heating. Drying by heating 
with hot air is preferred. The drying temperature is 30 to 
650**C, preferably 40 to 600* C, more preferably 70 to 550** C. 

As other means, a wholly aromatic polyimide film 
manufactured in the same manner as the above layer A is 
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laminated by a hot roll or hot press. 

<wholly aromatic polyamlde (PA®"^)> 

The wholly aromatic polyamlde (PA°~^) having a glass 
5 transition point of 180** C or higher and lower than 350* C (B-2) 
constituting the layer B Is a wholly aromatic polyamlde 
derived from an aromatic dlcarboxyllc acid component and an 
aromatic diamine component. 

Examples of the aromatic dlcarboxyllc acid component 
10 include terephthallc acid and isophthallc acid. Out of these, 
isophthalic acid is particularly preferred from the 
viewpoints of mechanical properties and heat resistance. 

Examples of the aromatic diamine component Include 
1 , 4 -phenylenedlamlne , 1 , 3 -phenylenediamine , 
15 3 , 4 ' -diaminodiphenyl ether, 4 , 4 ' -diaminodiphenyl ether and 
1 , 3-bls ( 3 -aminophenoxy) benzene . 1 , 3 -phenylenedlamlne , 
3,4' -dlamlnodlphenyl ether, 4,4' -dlamlnodlphenyl ether and 

1.3 - bis (3 -aminophenoxy) benzene are preferred from the 
viewpoints of mechanical properties and heat resistance. 

20 Out of these, 1 , 3 -phenylenedlamlne and 3,4' -dlamlnodlphenyl 
ether are particularly preferred. 

Therefore, a wholly aromatic polyamlde derived from 
an aromatic dlcarboxyllc acid which is terephthallc acid 
and/or Isophthallc acid and at least one aromatic diamine 

25 component selected from the group comprising 

1.4- pheny lenedleunlne , 1,3- pheny lenedlsunlne , 

3,4' -diciminodiphenyl ether , 4,4' -dlamlnodlphenyl ether and 
1 , 3-bis ( 3 -aminophenoxy )benzene is particularly preferred 
as the wholly aromatic polyamlde (PA^"^). 
30 More specifically, a wholly aromatic polyamlde 

comprising a constituent unit represented by the following 
formula (V) is used. 

— C-Ar^^-C-N-Ar^^'-N— 
II II t I 

O OH H . . . (V) 
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20 



25 



In the formula ( V) , Ar and Ar^** are each Independently 
an aromatic group having 6 to 20 carbon atoms which may contain 
a non-reactive substltuent. 

Examples of the aromatic group having 6 to 20 carbon 
atoms Include phenylene group, naphthalenedlyl group, 
anthracenedlyl group and toluenedlyl group. 

Examples of the non-reactive substltuent Include alkyl 
groups such as methyl group, ethyl group, propyl group and 
cyclohexyl group, aromatic groups such as phenyl group and 
naphthyl group, halogen groups such as chloro group, fluoro 
group and bromo group, nitro group, methoxy group, ethoxy 
group and phenoxy group. 

A wholly aromatic polyamide represented by the 
following formula (III) is preferred as the wholly aromatic 
polyamide . 



A wholly aromatic polyamide represented by the 
following formula (VI) is also preferred. 



In the above formula (VI), Ar and Ar are each 
independently an aromatic group having 6 to 20 carbon atoms 
which may contain a non-reactive substltuent. 

Examples of the aromatic group having 6 to 20 carbon 
atoms include phenylene group, naphthalenedlyl group, 
anthracenedlyl group and toluenedlyl group. Phenylene 
group is preferred, and 1 , 4-phenylene group and 
1 , 3-phenylene group are particularly preferred. 

Examples of the non-reactive substltuent include alkyl 
groups such as methyl group, ethyl group, propyl group and 
cyclohexyl group, aromatic groups such as phenyl group and 
naphthyl group, halogen groups such as chloro group, fluoro 
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group and bromo group, alkoxyl groups such as methoxy group, 
ethoxy group and phenoxy group, and nltro group. 

n Is 1 or 2. When n Is 2, two Ar^^'s are substantially 
existent In the formula (VI) and may be different or the same 
5 In structure. Particularly preferably, n Is 1. 

A wholly aromatic polyamlde comprising a recurring 
unit represented by the formula (III) and a recurring unit 
represented by the formula (VI) is also used. Preferably, 
the amount of the recurring unit represented by the formula 
10 (III) is 10 to 90 mol% and the amount of the recurring unit 
represented by the formula (VI) is 90 to 10 mol% of the total 
of all the recurring units • 

<formation of layer B made of wholly aromatic polyamlde> 

15 The wholly aromatic polyeunlde (PA®'^) can be 

manufactured by the following method. That is, it can be 
manufactured by reacting a chloride of the above aromatic 
dicarboxylic acid component with the above aromatic diamine 
component in an organic polar solvent such as 

20 N -methyl- 2 -pyrrolidone, N,N-dimethylacetamide or 
N , N-dimethylf ormeunide . 

It can also be manufactured by carrying out the 
interf acial polymerization of the above raw materials using 
an organic solvent such as tetrahydrof uran and a poor solvent 

25 such as water. An alkali such as an aqueous solution of 
sodium hydroxide may be used as a polymerization accelerator 
for the interf acial polymerization. 

The layer B can be f oinned by casting the obtained wholly 
aromatic polyamlde solution over the layer A and drying it . 

30 The wholly aromatic polyamlde solution after polymerization 
may be used as it is . 

The wholly aromatic polyamlde may be re- dissolved in 
a solvent after it is isolated before use. The solvent is 
preferably an organic polar solvent such as 
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N-inethyl-2-pyrrol±done, N,N-GL±methylacetamlde or 
N,N-dlmethylf ormamlde. In the case of the wholly aromatic 
polyamlde having low solubility, a strong acid solvent such 
as concentrated sulfuric acid, concentrated nitric acid or 
5 polyphosphorlc acid Is preferably used. 

An Inorganic salt such as calcium chloride, magnesium 
chloride, lithium chloride or lithium nitrate may be 
optionally added as a dissolving aid to the wholly aromatic 
polyamlde solution. The concentration of the wholly 
10 aromatic polyamlde in the solution is preferably 1 to 60 wt%, 
more preferably 3 to 40 wt% . 

Casting is carried out by extrusion from a die, with 
an applicator or with a coater. 

The temperature of the solution when it is cast is not 
15 particularly limited and preferably selected to ensure that 
the viscosity of the solution becomes 30 to 20,000 poise. 
The viscosity is more preferably 50 to 2,000 poise. 

After casting, the solvent is scattered by drying. 
Drying is carried out by heating with hot air, vacuum heating, 
20 Infrared heating or microwave heating. Drying by heating 
with hot air is preferred. The drying temperature is 30 to 
500* C, preferably 40 to 450** C, more preferably 70 to 400'C. 

As other means, the wholly aromatic polyamlde film 
manufactured in the same manner as the above layer A is 
25 laminated by a hot roll or hot press. 

<resin composition (RC^"^)> 

The layer B may be made of a resin composition (RC®"^) 
comprising a wholly aromatic polyimide (PI°'^) and a wholly 
30 aromatic polyamlde (PA®'^) having a glass transition point 
of 180* C or higher and lower than 350** C. 

When the glass transition point of the wholly aromatic 
polyamlde (FA^**^) is lower than 180** C, heat resistance becomes 
unsatisfactory. When the glass transition point is 350** C 
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or higher, a high temperature and a high pressure may be 
required for adhesion between the layer B and the adherend 
layer (C) , or adhesion may deteriorate. The glass transition 
point of the wholly aromatic polyamlde (PA®"^) Is preferably 
5 200 to 345** C, more preferably 220 to 340* C. 

Use of a resin composition comprising the above 
combination makes It possible to select a layer B having both 
heat resistance and adhesion which are more and more required 
nowadays In the fields of semiconductors and electronic 

10 materials as well as desired adhesion and heat resistance 
for various types of adherends . 

Preferably, the resin composition (RC®'^) comprises 10 
to 99 wt% of the wholly aromatic polyimide (PI®'^) and 1 to 
90 wt% of the wholly aromatic polyamlde (PA^"^), More 

15 preferably, RC°"^ comprises 40 to 98 wt% of the wholly aromatic 
polyimide (PI°"^) and 2 to 60 wt% of the wholly aromatic 
polyamlde (PA^"^). 

<wholly airomatic polyimide (PI°"^)> 
20 The wholly aromatic polyimide (PI^"^) has the same 

constituent components as the wholly aromatic polyimide 
(PI^ M • 

Therefore, the preferred wholly aromatic polyimide 
jpjB-3j ^ wholly aromatic polyimide comprising a 
25 constituent unit represented by the following formula (I) . 



O O 




O O ... (J) 

Ar^ in the above formula (I) is a 1 , 4-phenylene group 
which may contain a non-reactive substltuent. Examples 
of the non-reactive substltuent include alkyl groups such 
30 as methyl group, ethyl group, propyl group and cyclohexyl 
group, aromatic groups such as phenyl group and naphthyl 
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group, halogen groups such as chloro group, fluoro group and 
bromo group, alkoxyl groups such as methoxy group, ethoxy 
group and phenoxy group, and nltro group. 

5 <wholly aromatic polyamlde (PA®"^)> 

The wholly aromatic polyamlde (PA^'^) has the same 
constituent components as the wholly aromatic polyamlde 
(PA®*^) . However, the wholly aromatic polyamlde must have 
a specific glass transition point as described above from 
10 the viewpoint of adhesion. A substantially preferred 

wholly aromatic polyaunlde differs according to a combination 
and ratio of constituent components. 

A wholly aromatic polyamlde represented by the 
following formula (III) Is preferred as the wholly aromatic 
15 polyamlde (PA®'^). 




• • • (III) 



A wholly aromatic polyamlde represented by the 
following formula (VI) Is also preferred. 




• • • (VI) 



20 In the above formula (VI), Ar** and AR^*" are each 

Independently an aromatic group having 6 to 20 carbon atoms 
which may contain a non-reactive substituent. 

Examples of the aromatic group having 6 to 20 carbon 
atoms include phenylene group, naphthalenediyl group, 

25 anthracenediyl group and toluenediyl group. Phenylene 
group is preferred, and 1 , 4-phenylene group and 
1 , 3-phenylene group are particulsarly preferred. 

Examples of the non-reactive substituent include alkyl 
groups such as methyl group, ethyl group, propyl group and 

30 cyclohexyl group, aromatic groups such as phenyl group and 
naphthyl group, halogen groups such as chloro group, fluoro 
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group and bromo group, alkoxyl groups such as methoxy group, 
ethoxy group and phenoxy group, and nitro group. 

n Is 1 or 2. When n Is 2, two Ar^^'s are substantially 
existent In the formula (VI) and may be Independently 
5 different or the same in structure. Particularly preferably, 
n is 1. 

A wholly aromatic polyamide comprising a recurring 
unit represented by the formula (III) and a recurring unit 
represented by the formula (VI) may also be used. Preferably, 
10 the amount of the recurring unit represented by the formula 
(III) is 10 to 90 mol% and the amount of the recurring unit 
represented by the formula (VI) is 90 to 10 mol% of the total 
of all the recurring units. 



15 <formation of layer B made of resin composition (RC®'^)> 
The layer B can be formed by casting a solution 
containing a precursor of the wholly aromatic polyimide 
^pjB-3j ^ ^j^^ wholly aromatic polyamide (PA°'^) and an organic 
polar solvent over the layer A and drying it . It may be heated 

20 to be thermally imidized while it is dried. 

The solution can be prepared by polymerizing a polyamic 
acid or a polyeimic acid derivative as a precursor of the wholly 
aromatic polyimide (PI®'^) in an organic polar solvent of the 
wholly aromatic polyamide (PA®"^). 

25 The solution may also be prepared by forming an organic 

polar solvent solution of a precursor of the wholly aromatic 
polyimide (PI°"^) and an organic polar solvent solution of 
a wholly aromatic polyamide and suitably mixing them together 
or diluting them. 

30 A dehydrating agent such as nitric anhydride or an 

organic base catalyst such as pyridine may be added as a 
suitable imidizing aid to the solution. 

Casting is carried out by extrusion from a die, with 
an applicator or with a coater. The temperature of the 
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solution when it is cast is not particularly limited and 
preferably selected to ensure that the viscosity of the 
solution becomes 5 to 20,000 poise. The viscosity is more 
preferably 10 to 10,000 poise. 
5 After casting, the solvent is scattered by drying. 

Drying is carried out by heating with hot air, vacuum heating, 
infrared heating or microwave heating. Drying by heating 
with hot air is preferred. The drying temperature is 30 to 
650' C, more preferably 40 to 600'C, much more preferably 70 

10 to 550*C. 

As Other means, a film made of a resin composition 
comprising a preproduced wholly aromatic polyimide and a 
wholly aromatic polyamlde is prepared and leuninated by a hot 
roll or a hot press. 

15 The wholly aromatic polyamide (PA®*^) can be 

manufactured by conventionally known solution 
polymerization or interfacial polymerization. The wholly 
aromatic polyamide solution after polymerization may be used 
as it is or after it is isolated and re-dissolved in a solvent . 

20 The solvent is preferably an organic polar solvent such as 
N-methyl-2-pyrrolidone, N,N-dimethylacetamide or 
N,N-dimethylf ormamide but a strong acid solvent such as 
concentrated sulfuric acid, concentrated nitric acid or 
polyphosphoric acid may be used. An inorganic salt such as 

25 calcium chloride, magnesium chloride, lithium chloride or 
lithium nitrate may be optionally added as a dissolving aid 
to the above aromatic polyamide solution. The concentration 
of the polymer in the solution is preferably 1 to 60 wt%, 
more preferably 3 to 40 wt%. 

30 

< laminate (II)> 

The present invention includes a laminate (II) which 
further comprises an adherend layer (C) formed on the layer 
B of the Iciminate ( I ) . The layer C may be formed on one side. 
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or independent layers C may be formed on both sides of the 
laminate. That is, the laminate (II) may comprise layer 
A/B/C or layers C/B/A/B/C. The layers C on both sides may 
be the same or different. For example, a laminate which is 
5 asymmetrical in the thickness direction, that is, comprises 
a metal foil as the layer C on one side of the laminate and 
the wholly aromatic polyimide film as the layer C on the other 
side may be used. 

10 <adherend layer (C)> 

The layer C may be made of an organic or inorganic 
material. Examples of the organic material include polymer 
materials such as polyimide, polyester, nylon, polyarylate, 
polyether imide, wholly aromatic polyamide, epoxy resin, 

15 phenolic resin, acrylic resin, polyether ketone, polysulfone, 
polypheny lene ether, BT resin and polybenzoimidazole . 

Examples of the inorganic material include metals such 
as aluminum, iron, silicon and germanium; alloys such as 42 
alloy, iron/nickel alloy, stainless steels and brass; 

20 nitride compounds such as barium titanate, potassium 

titanate, titanium nitride, aluminum nitride and boron 
nitride; ceramics such as zirconium oxide, aluminum oxide 
and Cerazin (registered trademark) of Mitsubishi Gas 
Chemical Co., Ltd.; glass; and carbon. 

25 Semiconductor metals such as silicon and germaniiom are 

preferred, and a silicon wafer is more preferred. Therefore, 
a carbon/epoxy composite manufactured from a prepreg and a 
porous ceramic/epoxy composite obtained by sintering are 
such examples . 

30 The difference in linear thermal expansion coefficient 

between the laminate (I) and the layer C is preferably 30 
ppm/**C or less. It is more preferably 25 ppm/'^C, 
particularly preferably 20 ppm/** C or less. Thereby, the 
laminate can be advantageously used as an insulating material 
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having excellent dimensional stability for electronic 
material application . 

The thickness of the layer C is not particularly limited 
and differs according to its use and purpose but preferably 
5 1 to 5,000 |xm« When the thickness is smaller than 1 \m, the 
accuracy of a contact bonding device is required for bonding 
the laminate (I) and it may be difficult to bond the mating 
surface uniformly. Mechanical strength high enough for 
contact bonding may not be obtained and the laminate may be 
10 broken when it is contact bonded. When the thickness is 
larger than 5,000 \xm, heat for bonding the laminate (I) is 
hardly conducted and it takes time to transmit a temperature, 
thereby reducing productivity. 

15 <manufacture of laminate (II)> 

Although the method of manufacturing the laminate (II) 
is not particularly limited, the laminate (I) and the layer 
C are assembled together at room temperature and optionally 
under heating and pressure. The assembling method is 

20 pressure bonding with a hot press or vacuum press or bonding 
with a roller. 

For example, in the case of pressure bonding with a 
hot press , a buffer material having a thickness that does 
not prevent heat conduction may be sandwiched between the 

25 roof of the hot press and the laminate (I) and betv/een the 
roof and the layer C so as to transmit pressure to the whole 
mating surface. The buffer material is a protective board, 
film or fiber. The protective board comprises metal such 
as stainless steel, iron, titanium, aluminum, copper or alloy 

30 thereof. The film and fiber are made of a heat resistant 
polymer such as a wholly aromatic polyimide or wholly 
aromatic polyamide. 

Preferably, bonding conditions such as temperature, 
pressure and time are suitably adjusted according to the 
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materials and combination of the laminate (I) and the layer 
C. The suitable temperature is in the rang of 20 to 600* C. 
It is more preferably in the range of 50 to 550'C. It is 
most preferably in the range of 100 to 500 'C. The pressure 
5 is in the range of 0.001 to 1,000 MPa, preferably 0.01 to 
100 MPa as an average pressure which is applied to the laminate 

(I) and the layer C as a whole. When the pressure is lower 
than 0.001 MPa, the layer C cannot be bonded completely and 
when the pressure is higher than 1,000 MPa, the layer C may 

10 be broken. 

The optimum retention time is suitably selected in 
consideration of the transmission of pressure and heat 
conductivity which differ by bonding system, bonding 
temperature and the shape of the layer C. For example, when 

15 heat pressure bonding is carried out with a flat hot press, 
the retention time is preferably 0 • 1 second to 48 hours . When 
the retention time is shorter than 0. 1 second, adhesive force 
becomes unsatisfactory and the laminate (II) having stable 
adhesive force is hardly obtained. When the retention time 

20 is longer than 48 hours, productivity deteriorates. In 

addition, when the laminate is left under high- temperature 
and high-pressure conditions for a long time and the laminate 

(II) is bonded to an organic protective layer (D) made of 
other organic material, adhesive force between the laminate 

25 (II) and the organic protective layer (D) may lower. That 
is, adhesion between the Icuninate (II) and the organic 
protective layer (D) on the semiconductor chip lowers. 
Although the cause of this is not made clear, it is considered 
that it is caused by the chemical change of the surface in 

30 particular of the laminate ( II ) by heat or a morphology change 
by high temperature and high pressure. The retention time 
for bonding is more preferably 1 second to 24 hours. For 
bonding, after the laminate is bonded at a predetermined 
pressure by raising the temperature for a predetermined time. 



42 



it may be left to be gradually cooled to room temperature 
while it is applied with pressure for a predetermined time, 
or after the laminate is bonded at a predetermined pressure 
by raising the temperature for a predetermined time, it may 
5 be kept warm while the pressure is released for a 
predetermined time. 

To manufacture the laminate (II) having the layer C 
on both sides, the layer C may be bonded to both sides at 
the same time or may be bonded stepwise to one side and then 
10 to the other side according to purpose from the viewpoints 
of cost, bonding accuracy and bonding position accuracy. 

<laminate (III)> 

The laminate (III) comprises layers A, B and C, an 
15 organic protective layer (layer D) and a treated layer (layer 
E). The layers B and C are formed on one side of the layer 
A in the mentioned order, and the layers D and E are formed 
on the other side of the layer A in the mentioned order. 

20 <organic protective layer (D)> 

The layer D is an organic film formed on one side of 
the layer E for the purpose of protecting the layer E. 
Examples of the resin constituting the layer D Include a 
polyimide, especially a wholly aromatic polyimide, a 

25 polyamide, especially an aromatic polyeunide, polyether imide, 
polyamlde-imide, polyether ketone, polyether ether ketone, 
polybenzoimidazole, polyvinyl alcohol, trlacetyl cellulose, 
poly-4-methylpentene, ethylene -vinyl alcohol copolymer, 
polymethyl methacrylate , 

30 tetraf luoroethylene-f luoroalkylvinyl ether copolymer of 
fluorine (PFA) , polyvinylidene fluoride (PVDF) , 
tetraf luroethylene-hexafluoropropylene copolymer (FEP) , 
polychlorot r if luor ©ethylene ( PCTFE ) and 
chlorotrifluoroethylene- ethylene copolymer (E/CTFE) . 
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An example of the layer D is an organic protective film 
used for the protection and insulation of a semiconductor 
circuit in the manufacture of a thinned semiconductor. 
Therefore, conventionally known organic insulating films may 
5 be used. Out of these, silicone modified polyimide, 

polyimide, polybenzoimidazole and polyamide films having 
high heat resistance can be preferably used. 

The thickness of the layer D is preferably 1 nm to 1,000 
|xm. It is more preferably 10 nm to 500 (un, much more 

10 preferably 100 nm to 100 \ua. 

The layer D may be formed by any conventionally known 
method such as surf ace polymerization or sol-gel method as 
coating techniques. Stated more specifically, the layer D 
is formed by applying vanish with a spin coater. The film 

15 is formed by optically curing the coated vanish if it is a 
photosensitive resin or thermally curing it if it is a 
thermosetting resin, or by heating and drying a solvent. In 
the case of photosensitive vanish, the protective layer can 
be formed by special and specific patterning through exposure 

20 as required. 

< layer (E) to be treated > 

The layer E is preferably a multi-layer structure 
comprising multiple layers formed on the side opposite to 
25 the exposed surface to be treated. The layer E is an 

electronic circuit comprising a semiconductor substrate such 
as a silicon wafer, gallium- arsenide wafer or silicon carbide 
wafer, or ceramic substrate. 

For example, it is a circuit part formed layer formed 
30 on a silicon wafer by coating. The sputtering of a metal 
such as aluminum and circuit formation using the metal may 
be carried out . 

The thickness of the layer E is not particularly limited 
but preferably 5 to 2,000 |jim. It is more preferably 10 to 
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1.000 Mm. particularly preferably 10 to 500 |jm. 

The layer E may be formed by any conventionally known 
semiconductor manufacturing method. The method is 
described in detail in "First Semiconductor Process" 
(written by Kazuo Maeda. published by Kogyo Chousa-kai) and 
"All about Semiconductors" (written by Masanori Kikuchi. 
published by Nippon Jitsugyo Shuppansha) . for example. 

<process for manufacturing laminate (III)> 

The process for manufacturing the laminate (III) is 
not particularly limited and any conventionally known method 
may be employed . The above layer C and a laminate comprising 
the layers E and D are assembled with the laminate (I) under 

heat and pressure. 

A laminate comprising the layer A formed on layer B 
or a laminate obtained by preparing the layers A and B as 
films and bonding them together with a hot press may be used 
as the laminate (I) , and the layers A and B may be prepared 
as films and assembled with the layer C and the laminate 

comprising the layers E and D. 

Further, the laminate (III) may be obtained by suitably 
assembling together a desired combination of layers in 
multiple stages. The layers are assembled together by 
pressure bonding with a hot press or vacuum press or by bonding 
with a roller. For assembly, the layer A constituting the 
laminate (I) must be in contact with the layer D and the layer 
B must be in contact with the layer C. When this order is 
reversed, sufficiently high adhesive force may not be 
obtained and releasability after a heat treatment may become 

unsatisfactory . 

For example, in the case of pressure bonding with a 
hot press, a layer to be brought into contact with the roof 
of the hot press is set in the hot press. A buffer material 
having a thickness that does not prevent heat conduction may 
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be Interposed between the layer and the roof so as to transmit 
pressure to the whole mating surface. The buffer material 
is a protective board made of metal such as stainless steel, 
iron, titanium, aluminum, copper or alloy thereof; a film 
5 made of a heat resistant polymer such as a wholly aromatic 
polyimide and/or a wholly aromatic polyamide; or a resin such 
as a fiber of any one of these heat resistant polymers. 

When a semiconductor wafer such as a silicon wafer is 
used, a mold having a shape corresponding to the 
10 semiconductor wafer may be used. Although bonding 

conditions such as temperature, pressure and time are not 
particularly limited, they can be freely controlled by the 
materials and combination of the layers C, E and D and the 
laminate ( I ) • 

15 The preferred temperature for bonding is, for example, 

150 to 600* C. It is more preferably 180 to 550' C. It is much 
more preferably 200 to 500**C. 

The pressure for bonding is 0.01 to 500 MPa as average 
pressure which is applied to the layers C and E as a whole. 

20 When the average pressure is lower than 0.01 MPa, the layers 
C and E cannot be bonded fully and when the pressure is higher 
than 500 MPa, the layer C or E may be broken. It is preferably 
0.1 to 100 MPa. 

The retention time for bonding is preferably 0 . 1 second 

25 to 24 hours. When the retention time is shorter than 0.1 
second, a laminate having stable adhesive force is heurdly 
obtained due to insufficient adhesive force. When the 
retention time is longer than 24 hours, productivity lowers 
and costs rise. The retention time for bonding is more 

30 preferably 1 second to 12 hours, much more preferably 1 second 
to 1 hour, particularly preferably 1 second to 10 minutes. 

After they are bonded together at a predetermined 
pressure by raising the temperature for a predetermined time , 
the resulting Icuninate may be left to be gradually cooled 
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to room temperature while it is pressurized for a 
predetermined time, or after they are bonded together at a 
predetermined pressure by raising the temperature for a 
predetermined time, the resulting laminate may be kept warm 
5 while the pressure is released for a predetermined time. Or, 
it may be forcedly cooled by ventilation. 

<process for manufacturing laminate (V)> 

The present invention includes a process for 
10 manufacturing a laminate (V) comprising the layer D and the 
layer E (layer E') to be treated from the laminate (III). 
The process comprises the steps of : 

(1) surface treatment step: treating the exterior surface 
of the layer E of the laminate (III) to obtain a laminate 

15 (III') comprising a layer E'; 

(2) heat treatment step: maintaining the laminate (III') 
at a temperature of at least SSC'C; 

(3) first disassembling step: removing the layer C from 
the Iciminate (III' ) to obtain a laminate (IV) comprising the 

20 layers B, A, D and E'; and 

(4) second disassembling step: disassembling the laminat: 
at the interface between the layers A and D to obtain a 
laminate (V) comprising the layers D and E'. 

In the process of the present invention, it has been 
25 found that it is possible to separate the layer C from the 
layer B easily by controlling a change in peel strength 
between the layers B and C by a heat treatment. The layer 
D can be easily and mechanically removed from the layer A 
by making use of a difference between shear peel strength 
30 and peel strength. 

The removal of the layer C is preferably carried out 
by applying ultrasonic waves. More preferably, while the 
laminate (III') is immersed in water, it is irradiated with 
ultrasonic waves for 30 seconds or more. The treatment of 
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the exterior surface of the layer E is preferably a thinning 
treatment. The layer E is preferably a semiconductor 
substrate having circuit parts formed thereon. 

5 < surface treatment step> 

The surface treatment step is the step of obtaining 
the laminate (III') comprising the treated layer (E') by 
treating the exposed surface of the layer E of the laminate 
(III). 

10 The treatment of the exposed surface of the layer E 

is, for example, a thinning step, such as the grinding of 
the wafer or polishing after grinding. The treatment may 
be the surface pre- treatment of the rear surface of the wafer 
substrate with hydrofluoric acid or nitric acid. Further, 

15 the treatment may be a treatment for the formation of a metal 
thin film on the rear surface of the wafer substrate, 
including the metal deposition of aluminum or gold and 1 hour 
or less of baking at about 250 to 500* C. These treatments 
may be carried out alone or in combination. 

20 Out of these, a thinning treatment by polishing or 

grinding is particularly preferred. The thickness of the 
layer E (E' ) to be treated is preferably 400 |jim or less, more 
preferably 200 |im or less, much more preferably 100 \jm or 
less. The lower limit of the thickness is not paxticularly 

25 limited if the strength of the layer E' is retained but 
preferably 3 (jm or more, more preferably 5 |jim or more. 

A heat treatment step which will be described 
hereinafter may be included in this series of treatments. 
For example, the exposed surface of the layer E may be ground 

30 to be made thin and then a heat treatment may be carried out 
so as to introduce impurities. After an acid treatment is 
carried out as a surface pre - treatment , a metal is deposited 
and a circuit is formed from the metal film or by etching 
the metal film and may be subjected to a heat treatment to 
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be baked. VHien these heat treatment temperatures are 350"* C 
or higher, they are heat treatment steps. 

<heat treatment step> 
5 The heat treatment step Is the step of maintaining the 

laminate (III') at a temperature of 350"* C or higher. 

Since the laminate (III) of the present Invention 
comprises the laminate (I) comprising the layers A and B as 
an adhesive sheet, even when It Is heated at 350** C or higher, 

10 the adhesive force of the adhesive sheet Is not Increased 
more than required and suitable adhesion and releasablllty 
are maintained. That Is, when a conventional adhesive sheet 
Is used, it Is difficult to remove the adhesive sheet by a 
high -temperature heat treatment. However, when the 

15 adhesive sheet of the present invention is used, it can be 
easily removed after a heat treatment at 350* C or higher. 

The heat treatment temperature is more preferably 
375** C or higher, much more preferably 400** C or higher, 
particularly preferably 425** C or higher. The upper limit 

20 of the heat treatment temperature is not particularly limited 
but substantially about 700** C. The heat treatment at 350*" C 
or higher may be carried out in air or an inert gas such as 
nitrogen, preferably in an inert gas. It may be carried out 
at normal pressure, in vacuum or under reduced pressure, 

25 preferably at normal pressure. However, in the initial stage 
of the treatment, depressurlzatlon may be carried out in 
order to remove water by nitrogen substitution or moisture 
absorption. 

The heat treatment time is preferably 1 second to 48 
30 hours . When the heat treatment time is shorter than 1 second, 
releasablllty and adhesion may not become ideal after the 
heat treatment and when the heat treatment time is longer 
than 48 hours, releasablllty and adhesion may not become 
ideal due to heat deterioration. The heat treatment time 
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is more preferably 10 seconds to 24 hours, particularly 
preferably 30 seconds to 12 hours. 

According to the present invention, even when a heat 
treatment is carried out at a high temperature of 350« C or 
higher, there is no phenomenon that adhesion is increased, 
removal can be easily carried out, and the laminate (V) can 
be obtained effectively. 
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<first disassembling step> 

This is the step of obtaining the laminate (IV) by 
removing the layer C from the laminate (III' ) which has been 
subjected to the heat treatment . To obtain the laminate (V) , 
if the interface between the layers A and D is disassembled, 
the target is achieved. However, as the adhesive force of 
the interface between the layers A and D is strong, when a 
stiff layer like the layer C is existent, it is difficult 
to remove it directly. 

Therefore, the interface between the layers B and C 
is first disassembled. To disassemble the interface between 
the layers B and C, the following method is employed. 

For example, the layers B and C can be separated from 
each other, making use of volume expansion by immersing the 
laminate (III') in water at 0 to 100- C for 1 second to 12 
hours to absorb water and bringing it into contact with a 
25 hot plate heated at 200' C or higher to be heated quickly so 
as to vaporize water. They can also be separated from each 
other, making use of volume expansion by immersing the 
laminate (III* ) which has absorbed water in liquid nitrogen 
to be cooled quickly so as to freeze water. Further, they 
can be separated from each other, making use of a thermal 
expansion difference by cooling one side of the laminate 
( III ' ) to 0' C with ice and bringing the other side into contact 
with a plate heated at 200« C or higher to heat it . And, they 
are separated from each other by immersing the laminate 
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(III' ) in a solution to be irradiated with ultrasonic waves. 
Further, they are separated from each other by immersing the 
laminate (III') in an alkali solution to dissolve it. 

A method of separating layers from each other by 
5 applying ultrasonic waves is particularly preferred because 
it is simple and there is no possibility of contcunination 
or deterioration by chemicals. Stated more specifically, 
water is preferred as a medium for the application of 
ultrasonic waves. That is, a method in which the laminate 

10 (III ' ) immersed in water is irradiated with ultrasonic waves 
is preferred, and the irradiation time is preferably 30 
seconds or longer. The upper limit of the irradiation time 
is not particularly limited but substantially 24 hours or 
less, preferably 5 hours or less, more preferably 2 hours 

15 or less, particularly preferably 1 hour or less from the 
viewpoint of productivity. 

The laminate (IV) comprising the layers B, A, D and 
E' is obtained by disassembling the interface between the 
layers B and C as described above. The removed layer C is 

20 collected and can be recycled for the manufacture of the 
laminate (II) and/or the laminate (III). To recycle the 
layer C, the surface of the layer C may be rinsed as required, 
treated with an alkaline and/or acid solution, or polished 
with a silicon carbide abrasive. 

25 

< second disassembling step> 

This is the step of obtaining the laminate (V) by 
disassembling the interface between the layers A and D of 
the laminate (IV) . That is, it is the step of obtaining the 
30 laminate (V) comprising the layers D and E' by removing the 
laminate (I) comprising the layers B and A from the laminate 
( IV) comprising the layers B, A, D and E ' obtained as described 
above . 

Since the laminate (I) is a flexible laminate, it can 
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be removed ±n the same manner as when It Is removed for the 
measurement of so-called "peel strength". This Is because 
the laminate ( I ) has low peel strength while It has high shear 
peel strength. The removal temperature can be suitably 
5 optimized by a combination of components used In the layers 
and not particularly limited. It is preferably 0 to 300'C, 
more preferably 0 to 200* C. 

According to the method of the present invention, the 
laminate (V) can be effectively obtained by removing the 

10 laminate (I) stepwise. When the laminate (V) becomes veiry 
thin like a thinned semiconductor, it may be difficult to 
handle the laminate (V) due to its warp or deformation. In 
the disassembling step or the subsequent handling step, an 
unrequired stress load may be applied to the laminate (V) , 

15 thereby damaging the laminate (V). In this case, prior to 
the disassembling step, the exposed surface of the layer E' 
of the laminate (III' ) is pre-fixed to a dicing tape affixed 
to a frame and then the first and second disassembling steps 
are carried out to obtain the laminate (V) which is put on 

20 the dicing tape in the end. 

The laminate (V) comprising the layers E' and D is 
effectively obtained through the above steps . The obtained 
laminate (V) comprising the layers E' and D is advcuitageously 
used as a semiconductor substrate or a thinned semiconductor 

25 substrate. 

Examples 

The following examples are provided to further 
illustrate the present invention. The methods of measuring 
30 physical properties and the method of evaluating the effect 
of the present invention were carried out as follows. 
(1) Adhesion 

When the laminate (II) is to be manufactured by forming 
the adherend layer (layer C) on the laminate (I) comprising 
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the layers A and B, adhesion is evaluated based on the 
following criteria. 

* they cannot be bonded together: X 

* they can be bonded together but peeling occurs from a bent 
5 portion when bent by heind or the laminate ( I ) Ccin be removed 

from the laminate (II) by hand almost without force: A 

* removal is impossible by bending by hand, or difficult at 
the bonding interface even when tried by hand: O 

(2) measurement of viscoelasticity 

10 A sample measuring 22 mm x 10 mm is used and heated 

at 50 to 50 0"* C to measure its viscoelasticity with 
Rheometrics RSA II at a frequency of 6.28 rad/s. Its glass 
transition point is calculated from a value of dynamic loss 
tangent tan 6 obtained from the measured dynamic storage 

15 elastic modulus E' and dynamic loss elastic modulus E''. 

(3) mechanical properties of film 

As for the Young's moduli, strength and elongation of 
the adhesive sheet (laminate (I)) or the base layer (A), a 
sample measuring 50 mm x 10 mm is used for the measurement 
20 of the above values with Orientec UCT-IT at a pulling rate 
of 5 mm/min at 25*C. 

(4) Measurement of surface roughness of silicon wafer 

A center portion measuring 1 . 2 mm x 0 . 92 mm of a silicon 
wafer is measured with the NT-2000 non-contact 3-D 
25 microsurface configuration observation system (WYKO) . 

(5) Degree of swelling 

The degree of swelling is calculated from the weight 
of a swollen state (Ww) and the weight of a dry state (Wd) 
based on the following equation ( 1 ) . 
30 Degree of swelling (wt/wt%) = (Ww/Wd - 1) x 100 (1) 

(6) Linear thermal expansion coefficient 

A sample measuring about 13 mm (Lo) x 4 mm is used to 
measure a change in its length at a temperature range 

between 100" C and 200** C by increasing and reducing its 
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temperature between 50** C and 250* C at a temperature elevation 
rate of lO* C/min with the TMA 2940 Thermomechanical Analyzer 
of TA Instrument Co. , Ltd. to calculate its linear thermal 
expansion coefficient from the following equation (2). 
5 Linear thermal expansion coefficient (ppm/**C} 
=10,000 X ^L/Lo (2) 

(7) Measurement of viscosity 

The intrinsic viscosity [t]] (dl/g) is calculated from 
10 the measurement result obtained by using a 1 wt% lithium 
chloride/NMP solution as dissolving solution having an 
aromatic polyamic acid composition content of 0.05 wt% at 
a temperature of 0" C . 

15 Example 1 (preparation of polyamic acid NMP solution (PAA 
solution) ) 

1,920 g of dehydrated NMP was fed to a reactor equipped 
with a thermometer, stirrer and feedstock input port in a 
nitrogen atmosphere, and 26 . 52 g of 1 , 4-phenylenediamine was 

20 further added to and completely dissolved in the dehydrated 
NMP. Thereafter, the resulting solution was cooled in an 
ice bath to reduce the temperature of the disunine solution 
to S^'C. 53.46 g of pyromellitic anhydride was added to the 
cooled diamine solution to carry out a reaction for 1 hour. 

25 The temperature of the reaction solution was 5 to 20* C. The 
reaction solution was further reacted at room temperature 
(23**C) for 3 hours, 0.091 g of phthalic anhydride was added 
to carry out the reaction for 1 hour for the terminal capping 
of the amine, and a 4 wt% polyamic acid NMP solution (to be 

30 referred to as "PAA solution" hereinafter) was obtained as 
a viscous solution. 

(layer A (Pl""'^)) 

The obtained PAA solution was cast over a glass sheet 



with a 1 . 5 mm- thick doctor blade, the glass sheet was Immersed 
in a dehydration condensation bath comprising 1,050 ml of 
acetic anhydride, 450 g of pyridine and 1,500 ml of NMP at 
30^*0 for 30 minutes to be Imldlzed/lsolmldlzed, and the 
5 resulting film was separated from the glass sheet as a support 
to obtain a gel film. 

The obtained gel film was Immersed In NMP at room 
temperature for 20 minutes to be rinsed, fixed with a chuck 
at both ends and stretched to 1.85 times In two crossing 

10 directions simultaneously at room temperature at a rate of 
10 mm/sec. The degree of swelling of the gel film at the 
start of stretching was 1,510 %. 

The stretched gel film was fixed to a frame and dried 
and heated with a hot air drier using dry air in multiple 

15 stages from 160* C to 300* C. Thereafter, a hot air 

circulating oven was used to heat the gel film in multiple 
stages from 300 to 450* C to obtain a wholly aromatic polyimide 
film (layer A) . Therefore, the layer A was made of a wholly 
coromatlc polyimide comprising only a constituent unit 

20 represented by the following formula (I-a). 



The obtained layer A had a thickness of 13 |im and Young ' s 
moduli in the longitudinal direction and the transverse 
direction of 17.2 GPa and 18.5 GPa, respectively. When the 
25 dynamic viscoelasticlty of the layer A was measured at 50 
to 500* C, no glass transition point was observed. It was 
confirmed from this that the glass transition point of the 
layer A was 500* C or higher. The linear thermal expansion 
coefficient of the layer A was -6 ppm/*C. 



O 



O 




• (I-a) 



30 



(layer B (PA^"^) ) 
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Powders of the Conex (registered trademark) of Teijin 
Techno Products Limited were dispersed In 
N-methyl-2-pyrrolldone (to be abbreviated as NMP 
hereinafter) at 5* C and dissolved at 40* C to obtain a 10 wt% 
5 solution. This 10 wt% solution of the Conex (registered 
trademark) was cast over the above layer A affixed to the 
glass sheet with a 28 |jun- thick bar coater. Thereafter, the 
resulting film was dried with a hot air drier at 160** C for 
30 minutes and heated In multiple stages to carory out a drying 
10 and heat treatment at a rate of 300*C/30 mln In the end so 
as to form an adhesive layer (B) made of a wholly curomatlc 
polyamlde on the layer A. Therefore, the layer B was made 
of a wholly aromatic polyamlde represented by the following 
formula (III) . 



The laminate { I ) comprising the layer A and the layer B formed 
on one side of the layer A was obtained. 

The thickness of the laminate was 16 (xm. Therefore, 
the thickness of the layer B was 3 jjm. The glass transition 
20 point of the layer B was 285' C. The Young's moduli In the 
longitudinal direction and the transverse direction of the 
laminate were 13.9 GPa and 13.6 GPa, respectively. The 
linear thermal expansion coefficient of the laminate was -5 
ppm/' C. 



The laminate (I) obtained In Example 1 was affixed to 
a glass sheet In such a manner that the layer A faced up to 
30 be fixed. A 10 wt% NMP solution of the Conex (registered 
trademark) was cast over the laminate with a 28 pm-thlck bar 
coater. Thereafter, the resulting film was dried with a hot 
air drier at 160** C for 30 minutes and heated in multiple stages 



15 




25 



Example 2 
(B/A/B) 
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to carry out a drying and heat treatment at a rate of 300* C/30 
mln In the end so as to form a layer B made of a wholly aromatic 
polyamlde. A laminate having the layer B on both sides of 
the layer A was thus obtained. 
5 The thickness of the laminate was 19 |iin. That Is, the 

laminate having the layer B having a thickness of 3 and 
made of a wholly aromatic polyamlde on both sides of the layer 
A having a thickness of 13 (jun and made of a wholly aromatic 
polylmlde film was obtained. The glass transition point of 
10 the layer B was 285'' C which Is the same as that of Example 
1. 

The Young's moduli In the longitudinal direction and 
the transverse direction of the Icunlnate were 11.2 GPa and 
10.7 GPa, respectively. The linear thermal expansion 
15 coefficient of the laminate was -4 ppm/*C. 



Example 3 
(layer A (PA^"^) ) 

Aramlca (registered trademark) which is a wholly 
20 aromatic ar amide film manufactured by Tel j in Advanced Film 
Co., Ltd. was used as the layer A. Therefore, the layer A 
was a wholly aromatic polyamlde film comprising only a 
constituent unit represented by the following formula (II) . 




• • • (II) 



25 The layer A had a thickness of 12 \m and Young's moduli in 
the longitudinal direction and the transverse direction of 
14.9 GPa and 14.6 GPa, respectively. It had a glass 
treinsltlon point calculated from the measurement of dynamic 
vlscoelastlclty of 355** C. The linear thermal expansion 

30 coefficient of the layer A was 2 ppm/'C. 

(layer B (PA®'^) ) 

Further, a 10 wt% solution of the Conex (registered 
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trademark) was cast over the layer A affixed to a glass sheet 
to be fixed with a 28 ^un- thick bar coater. Thereafter, the 
resulting film was dried with a hot air drier at 160* C for 
30 minutes and heated in multiple stages to carry out a drying 
5 and heat treatment at a rate of 300' C/30 min in the end so 
as to obtain a leuninate (I) having a layer B. Therefore, 
the layer B was made of a wholly aromatic polyamide 
represented by the following formula (III). 




• • • (III) 



10 Thus, a laminate (I) comprising the layer A and the layer 
B formed on one side of the layer A was obtained. 

The thickness of the laminate was 15 jjun. Therefore, 
the thickness of the layer B was 3 \xm. The glass 
transition point of the layer B was 285** C . The Young ' s moduli 

15 in the longitudinal direction and the transverse direction 
of the laminate were 11.4 GPa and 10.8 GPa, respectively. 
The linear thermal expansion coefficient of the laminate was 
2 ppm/'C. 

20 Example 4 

(layer A (PI^"^)) 

The same wholly aromatic polyimide film as that used 
in Example 1 was used as the layer A. 

25 (layer B (PI°"^)) 

1, 840 g of dehydrated NMP was fed to a reactor equipped 
with a thermometer, stirrer and feedstock input port in a 
nitrogen atmosphere, and 76.58 g of 3 , 4 ' -diaminodiphenyl 
ether was further added to and completely dissolved in the 

30 dehydrated NMP. Thereafter, the resulting solution was 

cooled in an ice bath to reduce the temperature of the diamine 
solution to 3** C . 83 . 42 g of pyromellitic anhydride was added 
to the cooled diamine solution to carry out a reaction for 
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1 hour. The temperature of the reaction solution was 5 to 
20** C. The reaction solution was further reacted at 50- C for 
3 hours to obtain a 8 wt% NMP solution of a polyamlc acid 
as a viscous solution. This 8 wt% NMP solution of a polyeLmlc 
5 acid was cast over the layer A affixed to a glass sheet to 
be fixed with a 28 jxin-thlck bar coater. Thereafter, the 
resulting film was dried with a hot air drier at 160* C for 
30 minutes and heated In multiple stages to carry out a drying 
and thermal Imldlzlng treatment at a rate of 350* C/20 mln 
10 In the end so as to form a layer B made of a wholly aromatic 
polylmlde on the layer A. Therefore, the layer B was made 
of a wholly aromatic polylmlde represented by the following 
formula ( IV- a ) . 

O O 

O O • . . (iv-a) 

15 Thus, a laminate (I) comprising the layer A and the layer 
B formed on one side of the layer A was obtained. 

The thickness of the laminate was 16 [xm. Therefore, 
the thiclcness of the layer B was 3 \m. The glass 
transition point of the layer B was 330** C . The Young ' s moduli 

20 in the longitudinal direction and the transverse direction 
of the laminate were 14.2 GPa and 14.4 GPa, respectively. 
The linear thermal expansion coefficient of the laminate was 
-4 ppm/'C. 

25 Examples 5 to 18 
(A/B/C) 

After the above obtained laminate (I) was placed on 
the adherend layer (layer C) as shown in Table 1 in such a 
manner that the layer B came into close contact with the layer 
30 C, the both were sandwiched between metal plates , plain weave 
cloth made of Kevlar was placed on the assembly as a buffer 
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material to eliminate pressvire nonunif ormity^ and the 
assembly was set In a hot press. After the surface 
temperature of the actual mating surface was set to 350** C 
by the hot press, the assembly was pressed at 5.5 MPa for 
5 2 minutes to obtain a leunlnate (II). The thickness of the 
laminate (II), adhesion between the layers B and C and the 
difference (^CTE) In linear thermal expansion coefficient 
between the laminate (I) and the adherend layer (C) are shown 
In Table 1. 
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Example 19 
(A/B/A/B/A/B/A/B/A) 

After four of the laminates (I) obtained In Example 
1 were placed one upon another In such a manner that the four 
laminates (I) came Into close contact with one another and 
the layer B faced up, the same base material (layer A) as 
used In Example 1 was further placed on the resulting laminate 
In such a manner that It came into close contact with the 
Icunlnate, the resulting assembly was sandwiched between 
metal plates, plain weave cloth made of Kevlar was placed 
on the assembly as a buffer material to eliminate pressure 
nonuniform! ty, and the obtained assembly was set in a hot 
press . After the surface temperature of the actual mating 
surface was set to 350* C by the hot press, the assembly was 
pressed at 5.5 MPa for 2 minutes to obtain a laminate 
comprising alternate 5 base layers (A) each composed of a 
wholly aromatic polyimide film and 4 adhesive layers (B) made 
of a wholly aromatic polyamide. The thickness of the 
Icuninate was 71 |xm, and the adhesion of the laminate was 
evaluated as O. 

Example 20 
(A/B/A/B/A/B/A/B/A) 

After four of the laminates (I) obtained in Example 
25 3 were placed one upon another in such a manner that the four 
laminates (I) came into close contact with one another and 
the layer B faced up, Aramica (registered trademark) which 
was the same base material (layer A) as used in Example 3 
was further placed on the resulting laminate in such a manner 
30 that it came into close contact with the laminate, the 
resulting assembly was sandwiched between metal plates, 
plain weave cloth made of Kevlar was placed on the assembly 
as a buffer material to eliminate pressure nonunif ormity , 
and the obtained assembly was set in a hot press. After the 
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surface temperature of the actual mating surface was set to 
350** C by the hot press, the assembly was pressed at 5.5 MPa 
for 2 minutes to obtain a laminate comprising alternate 5 
base layers (A) each composed of a wholly aromatic polyamide 
5 film and 4 adhesive layers (B) made of a wholly aromatic 
polyamide. The thickness of the laminate was 69 [ua, and the 
adhesion of the laminate was evaluated as O. 

Example 21 

10 The layer A (PI^"^) obtained in Example 1 was used, 

(layer B (PI^-Vpa^"^ = 47/53)) 

After powders of the Conex (registered trademark) of 
Teijin Techno Products Limited were dispersed in NMP at 5* C, 
they were dissolved at 60' C to obtain a 4 wt% solution. The 

15 glass transition temperature of the Conex was 285** C. 

Further, the PAA solution, the 4 wt% Conex NMP solution 
and NMP were mixed together to obtain an NMP solution 
containing 1.9 wt% of a polyamic acid and 1.9 wt% of a wholly 
aromatic polyamide. 

20 (A/B) 

The NMP solution was cast over the layer A composed 
of a wholly aromatic polyimide film affixed to a glass sheet 
with a spiral applicator. Thereafter, the resulting film 
was dried with a hot air drier at 120** C for 30 minutes and 

25 then at 280** C for 20 minutes to carry out a drying and heat 
treatment at a rate of 350** C/30 min in the end so as to form 
a layer B . Therefore , the obtained laminate ( I ) had the layer 
B made of a resin composition comprising 47 wt% of a wholly 
aromatic polyimide represented by the above formula (I -a) 

30 and 53 wt% of a wholly aromatic polyamide represented by the 
following formula (III) on one side. 
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The average thickness of the laminate was 16 ixm. 
Therefore, the average thickness of the layer B was 3 \m. 
the Young's moduli In the longitudinal direction and the 
transverse direction of the laminate were 12.9 GPa and 13.1 
5 GPa, respectively. 

Example 22 
(B/A/B) 

The laminate (I) obtained In Exeuntiple 21 was affixed 

10 to a glass sheet In such a manner that the layer A faced up. 
The NMP solution containing a polyamlc acid and a wholly 
aromatic polyamlde prepared In Example 21 was cast over the 
laminate with a 28 [im- thick bar coater. Thereafter, the 
resulting film was dried with a hot air drier at 120* C for 

15 30 minutes and then at 280* C for 20 minutes to carry out a 
drying and heat treatment at a rate of 300** C/30 mln In the 
end so as to form a layer B made of a resin composition 
comprising 47 wt% of a wholly aromatic polyimide represented 
by the above formula (I-a) and 53 wt% of a wholly aromatic 

20 polyamlde represented by the above formula (III) . Thus, the 
laminate (I) comprising the layer A and the layer B formed 
on both sides of the layer A was obtained. 

The average thickness of the lemiinate was 19 |im. That 
is, the laminate comprising the layer A having an average 

25 thickness of 13 fxm and composed of a wholly aromatic polyimide 
film and the layer B having an average thickness of 3 |jm, 
made of a resin composition comprising a wholly aromatic 
polyimide and a wholly aromatic polyamlde and formed on both 
sides of the layer A was obtained. The Young's moduli in 

30 the longitudinal direction and the transverse direction of 
the laminate were 10.8 GPa and 10.6 GPa, respectively. 

Example 23 
(layer A (PI^"^) ) 



64 



(layer B (PI^-Vpa°"^= 73/27)) 

A Icunlnate comprising the layer A and the layer B formed 
on one side of the layer A was obtained In the same manner 
as In Example 21 except that an NMP solution comprising 2.77 
5 wt% of a polyamlc acid and 0.93 wt% of a wholly aromatic 
polyamlde obtained by mixing together a PAA solution, a 4 
wt% Conex NMP solution anA NMP was used. Thus, the laminate 
(I) having the layer B made of a resin composition comprising 
73 wt% of a wholly curomatlc polylmlde represented by the above 
10 formula (I-a) and 27 wt% of a wholly aoromatlc polyamlde 
represented by the above formula (III) on one side was 
obtained. 

The average thickness of the laminate was 17 \xm. 
Therefore, the average thickness of the layer B was 4 jjim. 
15 The Young's moduli In the longitudinal direction and the 
transverse direction of the laminate were 13.4 GPa and 11.8 
GPa , respectively . 

Example 24 

20 (layer A (PI^"^)) 

(layer B (PI^"^/PA^-^=83/17) ) 

The layer B was formed on one side of the layer A in 
the same mamner as in Example 21 except that an NMP solution 
comprising 2 . 97 wt% of a polyamlc acid eind 0 . 53 wt% of a wholly 

25 aromatic polyamlde obtained by mixing together a PAA solution, 
a 4 wt% Conex NMP solution and NMP was used. Thus , a laminate 
(I) having the layer B made of a resin composition comprising 
83 wt% of a wholly aromatic polylmlde represented by the above 
formula (I -a) and 17 wt% of a wholly aromatic polyamlde 

30 represented by the above formula (III) on one side was 
obtained. 

The average thickness of the laminate was 16 \xia. 
Therefore, the average thickness of the layer B was 3 (im. 
The Young's moduli in the longitudinal direction and the 
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transverse direction of the laminate were 12.1 GPa and 13.4 
GPa , respectively . 

Example 25 
(layer A (PI^-^)) 
(layer B (PI°"^/PA^-^=91/9) ) 

The layer B was formed on one side of the layer A in 
the same manner as in Example 21 except that an NMP solution 
comprising 3 • 04 wt% of a polyamic acid and 0 . 26 wt% of a wholly 
aromatic polyamide obtained by mixing together a PAA solution, 
a 4 wt% Conex NMP solution and NMP was used. Thus, a laminate 
(I) having the layer B made of a resin composition comprising 
91 wt% of a wholly aromatic polyimide represented by the above 
formula (I-a) and 9 wt% of a wholly aromatic polyamide 
represented by the above formula (III) on one side was 
obtained. 

The average thickness of the laminate was 16 |im. 
Therefore, the average thickness of the layer B was 3 im. 
The Young's moduli in the longitudinal direction and the 
transverse direction of the laminate were 13.3 GPa and 13.1 
GPa , respectively • 

Example 26 
(layer A (PI^"^)) 
25 (layer B (PI®"^/PA°"^=96/4 ) ) 

The layer B was formed on one side of the layer A in 
the same manner as in Example 21 except that an NMP solution 
comprising 2 . 88 wt% of a polyamic acid and 0 . 12 wt% of a wholly 
aromatic polyamide obtained by mixing together a PAA solution, 
30 a 4 wt% Conex NMP solution and NMP was used. Thus , a laminate 
(I) having the layer B made of a resin composition comprising 
96 wt% of a wholly aromatic polyimide represented by the above 
formula (I-a) and 4 wt% of a wholly aromatic polyamide 
represented by the above formula (III) on one side was 
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obtained. 

The average thickness of the laminate was 15 (un. 
Therefore, the average thickness of the layer B was 2 \m. 
The Young's moduli In the longitudinal direction and the 
5 transverse direction of the laminate were 12.6 GPa and 13.9 
GPa^ respectively. 

Example 27 
(layer A (PA^"^) ) 

10 Aramlca 090 -RP (registered trademark) which Is a 

wholly aromatic aramlde film of Tel j In Advanced Film Co.^ 
Ltd. was used as the layer A. Therefore, the layer A Is a 
wholly aromatic polyamide film comprising only a constituent 
unit represented by the above formula (II). The average 

15 thickness of the layer A was 9 |im. The Young's moduli in the 
longitudinal direction and the transverse direction of the 
layer A were 14.9 GPa and 14.6 GPa, respectively. The linear 
thermal expansion coefficient of the Aramlca was 2 ppm/* C 
and the glass transition point calculated from the 

20 measurement of dynamic vlscoelasticlty was 355''C. 

(layer B (PI®-^/PA®"^=47/53) ) 

An NMP solution comprising 1.9 wt% of a polyamlc acid 
and 1.9 wt% of a wholly aromatic polyamide was obtained by 
25 mixing together a PAA solution, a 4 wt% Conex NMP solution 
and NMP. 
(A/B) 

The above NMP solution was cast over the layer A which 
was the above wholly aromatic polyamide film affixed to a 
30 glass sheet with a spiral applicator. Thereafter, the 

resulting film was dried with a hot air drier at 120** C for 
30 minutes and then at 280* C for 20 minutes to carry out a 
drying and heat treatment at a rate of 300'*C/30 min in the 
end so as to form a layer B on the layer A. Thus, a laminate 
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(I) having the layer B made of a resin composition comprising 
47 wt% of a wholly aromatic polylmlde represented by the above 
formula (I -a) and 53 wt% of a wholly aromatic polyamlde 
represented by the above formula (III) on one side was 
5 obtained. 

The average thickness of the laminate was 13 |jun. 
Therefore, the average thlclcness of the layer B was 4 [m. 
The Young's moduli In the longitudinal direction and the 
transverse direction of the laminate were 9.2 GPa and 9.5 
10 GPa, respectively. 

Examples 28 to 42 
(A/B/C) 

After each of the laminates obtained In Examples 21 
15 and 23 to 27 was placed on the adherend layer (C) as shown 
In Table 2 below In such a manner that the adhesive layer 
(B) came Into close contact with the adherend layer (C), the 
resulting assembly was sandwiched between metal plates, 
plain weave cloth made of Kevlar was placed on the assembly 
20 as a buffer material to eliminate pressure nonunlf ormlty , 
and the assembly was set In a hot press. After the surface 
temperature of the actual mating surface was set to 350** C 
by the hot press, the assembly was pressed at 2.7 MPa for 
2 minutes to obtain a laminate (II) . The evaluation results 
25 of average thickness and adhesion of the laminate are shown 
In Table 2. 

The mating surface of the 6 -Inch monitor wafer 
(GKO-3516-A) of Shln-Etsu Semiconductor Co., Ltd. which Is 
a silicon wafer was made of a mirror surface as the adherend 
30 layer (C) shown In Table 2 below. A 1 mm -thick mirror surface 
plate was used as SUS304. The 10 jim-thick 42 Invar of The 
Niraco Corporation was used as 42 alloy and expressed as "42 
Invar" in Table 2. GTS-MP having a thickness of 35 \xm 
manufactured by Furukawa Circuit Foil Co. , Ltd. was used as 
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an electrolytic copper foil. A standard ferrtype plate of 
0.4 mm stainless hard chrome of ASANUMA & Co. , Ltd. was used 
as a ferro type plate. The Capton lOOH of Toray Du Pont Co. , 
Ltd. was used as an organic polymer film and expressed as 
5 "Kapton H" in Table 2. 

Example 43 

A laminate was obtained by carrying out hot pressing 
in the same manner as in Example 28 except that the pressure 
10 was changed to 0.5 MPa. The evaluation results of average 
thickness and adhesion of the laminate are shown in Table 
2. 

Example 44 

15 A laminate was obtained by carrying out hot pressing 

in the same manner as in Example 28 except that the pressure 
was changed to 7 • 0 MPa. The evaluation results of average 
thickness and adhesion of the leuninate are shown in Table 
2. 

20 

Example 45 
(C/B/A/B/C) 

The laminate obtained in Example 22 was sandwiched 
between two silicon wafers in such a manner that the layers 

25 B on both sides of the laminate came into close contact with 
the mirror surfaces of the silicon wafers and assembled with 
the silicon wafers, and the resulting assembly was further 
sandwiched between metal plates. Thereafter, plain weave 
cloth made of Kevlar was placed on the assembly as a buffer 

30 material to eliminate pressure nonunif ormity at the time of 
pressing, and the assembly was set in a hot press. After 
the surface temperature of the actual mating surface was set 
to 350** C by the hot press, the assembly was pressed at 2.7 
MPa for 2 minutes to obtain a laminate. The evaluation 
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results of average thickness and adhesion of the laminate 
are shown In Table 2. 

The 6-lnch monitor wafer (GKO-3516-A) of Shln-Etsu 
Semiconductor Co., Ltd. was used as a silicon wafer of the 
5 layer C shown In Table 2 below. The minor surface of the 
silicon wafer was used for adhesion surface. 
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Example 46 
(A/B/A/B/A/B/A/B/A) 

After four of tlie Icunlnates obtained In Example 21 were 
placed one upon another In such a manner that the four 
5 laminates came Into close contact with one another and the 
layer B faced up, the same layer A as used In Example 21 was 
further placed on the resulting laminate In such a manner 
that It came Into close contact with the laminate, the 
resulting assembly was semdwlched between metal plates, 

10 plain weave cloth made of Kevlar was placed on the assembly 
as a buffer material to eliminate pressure nonunlf ormlty, 
and the assembly was set In a hot press. After the surface 
temperature of the actual mating surface was set to 350" C 
by the hot press, the assembly was pressed at 2.7 MPa for 

15 2 minutes to obtain a laminate comprising alternate 5 base 
layers (A) each composed of a wholly aromatic polyimlde film 
and 4 adhesive layers (B) made of a wholly aromatic polyamlde. 
The average thickness of the laminate was 76 jrni, and the 
adhesion of the laminate was evaluated as O. 

20 

Example 47 
(A/B/A/B/A/B/A/B/A) 

After four of the laminates obtained in Example 27 were 
placed one upon another In such a manner that the four 

25 laminates came into close contact v/lth one another and the 
layer B faced up, Aramlca 090RP( registered trademark) of 
Tel Jin Advanced Film Co., Ltd. which was the same base 
material (layer A) as used in Example 27 was further placed 
on the resulting Icunlnate in such a manner that it came into 

30 close contact with the laminate, the resulting assembly was 
sandwiched between metal plates , plain weave cloth made of 
Kevlar was placed on the assembly as a buffer material to 
eliminate pressure nonunlf ormity, and the assembly was set 
in a hot press. After the surface temperature of the actual 
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mating surface was set to 350** C by the hot press , the assembly 
was pressed at 2.1 MPa for 2 minutes to obtain a laminate 
comprising alternate 5 base layers (A) each composed of a 
wholly aromatic polyamlde film and 4 adhesive layers (B) made 
5 of a wholly aromatic polyamlde. The average thickness of 
the laminate was 59 |jun, and the adhesion of the laminate was 
evaluated as o. 

Example 48 
10 (E/D/A/B/C) 

( adherend layer ( C ) ) 

A silicon wafer (C) having a thickness of 625 jim and 

a diameter of 150 mm was prepared as a supporting substrate* 

(semiconductor substrate (D/E)) 
15 A wafer having a polyimlde coating layer (D) with an 

average thickness of 20 ym was prepared by applying a 20 wt% 

NMP solution (trade name: Rikacoat EN20) of New Japan 

Chemical Co. , Ltd. to the mirror surface of a silicon wafer 

(E) having a thickness of 625 |jim and a diameter of 150 mm 
20 as a semiconductor substrate with a spin coater and drying 

the coating film at 120* C for 30 minutes and at 200* C for 

90 minutes. 

(adhesive sheet (A/B)) 

The laminate (A/B) obtained In Example 24 was prepared 
25 as an adhesive sheet. 

Then, the adherend layer (C) , the adhesive sheet (A/B) 
and the semiconductor substrate (D/E) were assembled 
together. The layer B was In contact with the mirror surface 
of the layer C, and the layer D was In contact with the layer 
30 A. In this state, the assembly was set In a hot press to 
be pressed at 2.7 MPa and 300* C for 2 minutes so as to obtain 
a laminate (III), 
(surface treatment step) 

The exposed side of the layer E of the semiconductor 
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substrate of this laminate (III) was set in a polishing 
machine to polish the layer E with abrasive paper having 
silicon carbide particles by turning a polishing plate at 
a revolution of 110 rpm under a load of 160 gf /cm^ so as to 
5 obtain a laminate (III') having a 130 |xm- thick layer E'. 
Polishing was carried out at abrasive grit sizes of #150, 
#800 and #2,000 in the mentioned order. The disassembly of 
the laminate was not observed during polishing, 
(heat treatment step) 

10 The obtained laminate (III') was set in a high-speed 

high -temperature furnace (SBA-2045 of MOTOYAMA Co., Ltd.) 
to be heated from 300 to 450* C at a rate of 10* C/min and from 
450 to 500** C at a rate of 5" C/min in a nitrogen atmosphere 
at a flow rate of 1.5 1/min and maintained at 450* C for 1 

15 hour, and then left to be cooled to room temperature, 
(first disassembling step) 

Then, the laminate (III') was immersed in the water 
of a ultrasonic washer and irradiated with ultrasonic waves 
at room temperature for 30 minutes. In less than 10 minutes 

20 from the start of irradiation, the interface between the 
mirror surface of the layer C and the layer B was disassembled 
naturally. Thus, a Isuninate (IV) comprising the layers B, 
A, D and E' was obtained. At this point, the deterioration 
of the separated layer C was not seen and could be recycled 

25 after it was rinsed as required, 
(second disassembling step) 

After water was wiped out, the adhesive sheet (A/B) 
existent on the surface of the obtained laminate (IV) was 
removed by stripping to disassemble the interface between 

30 the layers A and D. As a result, a laminate (V) comprising 
the thinned layer E' and the layer D was obtained. The 
surface of the layer D of the laminate (V) was clean without 
the residue of the laminate of layer A. 

The laminate of the present invention can be 
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advantageously used as an adhesive sheet In the step of 
thinning a semiconductor substrate In the semiconductor 
manufacturing process. 

5 Example 49 
(A/B/C) 

(layer A (PI^"^)) 

The wholly aromatic polylmlde film obtained In Exeunple 
1 was prepeuced as the layer A. That Is, the layer A Is a 

10 wholly aromatic polylmlde film comprising only a constituent 
unit represented by the above formula (I-a). 
(layer B (PI®"^/PA®"^= 50/50)) 

Thereafter, 1,500 g of dehydrated NMP was fed to a 
reactor equipped with a thermometer, stirrer and feedstock 

15 Input port In a nitrogen atmosphere, and NMP was cooled to 
3"* C In an Ice bath. Then, 49.99 g of powders of Conex 
(registered trademark) which Is a wholly aromatic polyamlde 
of Teljln Techno Products Limited previously dried at 120** C 
for 6 hours was added anA gradually heated to 60^*0 In the 

20 end to be dissolved so as to prepare a, 3.2 wt% wholly aromatic 
polyamlde NMP solution. 

18.62 g (0.1722 mol) of p-phenylenedl€unlne was added 
to and completely dissolved In the wholly aromatic polyamlde 
NMP solution as a solvent. Thereafter, the resulting 

25 solution was cooled In an Ice bath to reduce the temperature 
of the aromatic diamine solution to S'^C. 37.74 g (0.1730 
mol) of pyromellltlc anhydride was added to this cooled 
diamine solution to carry out a reaction for 1 hour. At this 
point, the temperature of the reaction solution was 5 to 20' C. 

30 The reaction of the reaction solution was further carried 
out at 60* C for 2 hours to obtain a viscous composition 
solution comprising a polyamic acid and a wholly aromatic 
polyamlde. The composition solution was an NMP solution 
containing 3.5 wt% of a polyamic acid and 3.1 wt% of a wholly 
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aromatic polyamlde. The intrinsic viscosity of the aromatic 
polyamic acid composition was 11.2 dl/g. 

After the obtained resin composition NMP solution was 
further diluted with NMP to obtain an NMP solution containing 
5 1 • 8 wt% of the polyamic acid £Uid 1 . 6 wt% of the wholly aromatic 
polyamide, the diluted NMP solution was cast over the layer 
A which was the above wholly aromatic polyimide film affixed 
to a glass sheet with a spiral applicator. Thereafter, the 
resulting film was dried with a hot air drier at 120'' C for 

10 30 minutes cuid then at 280" C for 20 minutes to carry out a 
drying and heat treatment at a rate of 350** C/ 30 min in the 
end so as to form a layer B. An adhesive sheet having the 
adhesive layer (B) made of a resin composition comprising 
50 wt% of a wholly aromatic polyimide represented by the above 

15 formula (l-a) and 50 wt% of a wholly aromatic polyamide 
represented by the above formula (III) on one side was 
obtained. 

The average thickness of the laminate was 15 pm. 
Therefore, the average thickness of the layer B was 2 |xm. 

20 The Young's moduli in the longitudinal direction and the 
transverse direction of the laminate were 13.4 GPa and 11.3 
6Pa, respectively. The linear thermal expansion 
coefficient of the laminate was 1 ppm/^'C. 

A 625 (im-thick silicon wafer was bonded to the thus 

25 obtained laminate in the same manner as in Exeunple 28 except 
that the above laminate was used. The obtained laminate ( II ) 
had a thickness of 638 (jun and was not disassembled when it 
was bent by hand. Therefore, its adhesion was evaluated as 

o. 

30 

Example 50 

(E/D/A/B/C) 

{ adherend layer ( C ) ) 

A silicon wafer having a thickness of 625 [xm and a 
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diameter of 150 nun was prepared as the adherend layer (C) • 
(semiconductor substrate (D/E)) 

A wafer having a polylmlde film (D) which was formed 
on the mirror surface of a silicon wafer (E ) having a thickness 

5 of 625 |jm cuid a diameter of 150 mm by spin coating was prepared 
as a semiconductor substrate, 
(adhesive sheet (A/B)) 

An aromatic polylmlde film (A) having a thickness of 
12.5 |jim and a glass transition point of 500° C or higher (glass 

10 transition point was not observed up to 500** C by measurement) 
obtained by cyclodehydratlng a condensate synthesized from 
pyromellitic anhydride and p-phenylenediamine was prepared 
as an adhesive sheet, and a 15 % N-methyl-2-pyrrolldone 
solution of an aromatic polyamlde (registered trademark 

15 Conex of Teljln Techno Products Co. , Ltd. ) synthesized from 
Isophthallc acid chloride and m-phenylenediamine was coated 
on one side of the film and dried to form a 3 |jim- thick layer 
B. 

The adherend layer (C), the adhesive sheet (A/B) and 
20 the semiconductor substrate (D/E) were assembled together. 
The layer B was in contact with the layer C, and the layer 
D was in contact with the layer A. In this state, the assembly 
was set in a hot press and pressed at 5 MPa and 300"* C for 
2 minutes to obtain a laminate (III). 
25 (surface treatment step) 

The exposed side of the layer E of this laminate (III) 
was set in a polishing machine to polish the layer E with 
abrasive paper having silicon carbide particles by turning 
a polishing plate at a revolution of 110 rpm under a load 
30 of 160 gf/cm^ so as to obtain a laminate (III' ) having a 130 
thick layer E'. Polishing was carried out at abrasive 
grit sizes of #150, #800 and #2000 in the mentioned order. 
The disassembly of the laminate was not seen during 
polishing. 



77 

( heat treatment s t ep ) 

The obtained laminate (III') was set In a high-speed 
high -temperature furnace (SBA-2045 of MOTOYAM Co. , Ltd. ) to 
be heated from 300 to 450" C at a rate of 10** C/min and from 
5 450 to 50 0** C at a rate of 5* C/min in a nitrogen atmosphere 
at a flow rate of 1.5 1/min and maintained at 500** C for 1 
hour, and left to be cooled to room temperature, 
(first disassembling step) 

The laminate (III') was then immersed in the water of 

10 a ultrasonic washer to be irradiated with ultraviolet waves 
at room temperature for 30 minutes. In less than 10 minutes 
from the start of irradiation, the interface between the 
layers C and B was disassembled naturally. Thus, a laminate 
(IV) comprising layers B, A, D and E' was obtained. The 

15 deterioration of the separated layer C was not seen and could 
be recycled after it was rinsed as required, 
(second disassembling step) 

After water was wiped out, the adhesive sheet existent 
on the surface of the obtained laminate (IV) was removed by 

20 stripping to obtain a laminate (V) comprising the layers D 
and E' . The surface of the layer D of the laminate (V) was 
very clean without the residue of the layer A. 

Example 51 
25 (adherend layer (C)) 

A silicon wafer having a thickness of 625 |jun and a 
dicimeter of 150 mm was prepared as the adherend layer (C) • 
(semiconductor substrate (D/E)) 

A wafer having a polyimide film (D) which was formed 
30 on the mirror surface of a silicon wafer ( E ) having a thickness 
of 625 \xm and a diameter of 150 mm by spin coating was prepared 
as a semiconductor substrate, 
(adhesive sheet (A/B)) 

An aromatic polyimide film (layer A: thickness of 12.5 
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(iin) having a glass transition point of 500" C or higher (glass 
transition point was not observed up to 500" C by measurement) 
obtained by cyclodehydrating a condensate synthesized from 
pyromellitic anhydride emd p-phenylenediamine was prepared. 
A 15 % N-methyl-2-pyrrolidone solution of an euromatic 
polyamide (registered trademark Conex of Teijin Techno 
Products Limited) synthesized from isophthalic acid chloride 
and m-phenylenediamine was coated on one side of the film 
and dried to form a 3 (un- thick layer B so as to obtain an 
adhesive sheet (A/B) . 

The adherend layer (C) , the adhesive sheet (A/B) and 
the semiconductor substrate (D/E) were assembled together. 
The layer B was in contact with the layer C, and the layer 
D was in contact with the layer A . In this state , the laminate 
was set in a hot press and pressed at 2 MPa and 300' C for 
2 minutes to obtain a laminate (III), 
(surface treatment step) 

The exposed side of the layer E of this laminate (III) 
was set in a polishing machine to polish the layer E with 
abrasive paper having silicon carbide particles by turning 
a polishing plate at a revolution of 110 rpm under a load 
of 160 gf/cm* so as to obtain a laminate (III') having a 130 
jun- thick layer E'. Polishing was carried out at abrasive 
grit sizes of #150, #800 and #2000 in the mentioned order. 
The disassembly of the laminate was not observed during 
polishing. 

(heat treatment step) 

The obtained laminate (III') was set in a high-speed 
high- temperature furnace (SBA-2045 of MOTOYAM Co. , Ltd. ) to 
be heated from 300 to 400' C at a rate of 10' C/min and from 
400 to 450" C at a rate of 5» C/min in a nitrogen atmosphere 
at a flow rate of 1.5 1/min and maintained at 450° C for 1 
hour, and left to be cooled to room temperature, 
(first disassembling step) 
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The laminate (III' ) was then immersed in the water of 
a ultrasonic washer and irradiated with ultrasonic waves at 
room temperature for 30 minutes. In less than 10 minutes 
from the start of Irradiation, the interface between the 
5 adherend layer (C) and the layer B was disassembled naturally. 
Thus, a laminate (IV) comprising the layers B, A, D and E' 
was obtained. At this point, the deterioration of the 
sep£u:ated layer C was not seen and could be recycled after 
it was rinsed as required. 

10 (second disassembling step) 

After water was wiped out, the adhesive sheet existent 
on the surface of the obtained laminate (VI) was removed by 
stripping to obtain a laminate (V) comprising the layers D 
and E' . The surface of the layer D of the laminate (V) was 

15 clean without the residue of the layer A. 

Industrial Applicability 

The laminate of the present invention can be 
advantageously used as an adhesive sheet in various fields 
20 such as electronic materials including package materials, 
members for use in the semiconductor device manufacturing 
process, battery containers, aviation parts, auto parts and 
foods. The process of the present invention is useful for 
the meuiufacture of thinned semiconductor parts. 
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